Dairy processing pE nt 


Publisher 
Tetra Pak Processing Systems AB 
S-221 86 Lund, Sweden 


Text 
Gösta Bylund, M.Sc. (Dairy Techn.) 


Production 

Editor: Teknotext AB 
Illustrations: Origrit AB 
Cover: Torkel Dohmers 
Printer: LP Grafiska AB 
Printed in 1995 


Ordering 

Further copies of the Tetra Pak Dairy 
Processing Handbook can be or- 
dered from the publisher. 


Lecture material such as overhead 
transparencies of the illustrations in 
the Tetra Pak Dairy Processing 
Handbook can be ordered from the 
publisher. 


No portion of the Tetra Pak Dairy 
Processing Handbook may be dupli- 
cated in any form without the source 
being indicated. 


Æ: Tetra Pak 


MARoOnKRWH 


E E Cen Cons Cones Cs CO 
OMANDOARWN—|OOCON 


i 


i 


MM PM 
N= O 


Contents 


Primary production of milk 

The chemistry of milk 

Rheology 

Micro-organisms 

Collection and reception of milk 
Building-blocks of dairy processing 
Heat exchangers 

Centrifugal separators and 

milk fat standardisation systems 
Homogenisers 

Membrane filters 

Evaporators 

Deaerators 

Pumps 

Pipes, valves and fittings 

Tanks 

Process Control 

Service systems 

Designing a process line 
Pasteurised milk products 
Longlife milk 

Cultures and starter manufacture 
Cultured milk products 

Butter and dairy spreads 
Anhydrous milk fat 

Cheese 

Whey processing 

Condensed milk 

Milk powder 

Recombined milk products 

Ice cream 

Casein 

Cleaning of dairy equipment 
Dairy effluents 

Literature 

Index 


Primary production of milk 


Milk production began 6 000 years ago or even earlier. The dairy animals 
of today have been developed from untamed animals which, through 
thousands of years, lived at different altitudes and latitudes exposed to 
natural and, many times, severe and extreme conditions. 


Practically everywhere on earth man started domesticating animals. As a 
rule herbivorous, multipurpose animals were chosen to satisfy his need of 
milk, meat, clothing, etc. 

Herbivorous animals were chosen because they are less dangerous and 
easier to handle than carnivorous animals. The former did not compete 
directly with man for nourishment, since they ate plants which man could 
not use himself. 
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The heifer is bred (naturally or 
by insemination) before the 
age of 2 years. 

The gestation period is 9 
months. 

After calving the cow gives 
milk for 10 months. 

1 - 2 months after calving the 
cow will again be bred. 

After having given birth to 
some 5 calves, the cow is 
generally slaughtered. 


The herbivorous animals used were all ruminants with the exception of 
the mare and ass. Ruminants can eat quickly and in great quantities, and 
later ruminate the feed. Today, the same animals are still kept for milk pro- 
duction, milk being one of the essential food components for man. 

The most widespread milking animal in the world is the cow, which is 
found on all continents and in nearly all countries. 


Table 1.1 
Composition of milk from different types of animals. 


Animal Protein Casein Whey Fat Carbo- Ash 
total protein hydrate 
% % % % % % 
Human 12 OS 0.7 3.8 7.0 0.2 
Horse 22 1.3 0.9 lai 6.2 0.5 
Cow SLS 2.8 0.7 Shit 4.8 0.7 
Buffalo 4.0 CLO 0.5 7.5 4.8 0.7 
Goat 3.6 Pall 0.9 4.1 4.1 0.8 
Sheep 5.8 4.9 0.9 7.9 4.5 0.8 


However, we should not forget the other milking animals whose milk is of 
great importance to the local population as a source of highly valuable ani- 
mal protein and other constituents. Sheep are of exceptional importance 
among this group, especially in the Mediterranean countries and in large 
areas of Africa and Asia. The number of sheep in the world exceeds one 
billion, and they are thus the most numerous of all milk and meat producing 
domestic animals. 

Sheep are often accompanied by goats, whose contribution to milk and 
meat production in the poorest areas should not be overlooked. Both sheep 
and goats are a source of cheap, high-quality protein and are mainly kept in 
conditions where climatic, topographical, economic, technical or sociologi- 
cal factors limit the development of more sophisticated protein production 
systems. 

Table 1.1 shows the composition of milk from different species of ani- 


mals. The figures given, however, are only averages, as the composition for 


any species is influenced by a number of factors such as breed, feeding, 
climate, etc. 


Cow milk 


Milk is the only food of the young mammal during the first period of its life. 
The substances in milk provide both energy and the building materials ne- 
cessary for growth. Milk also contains antibodies which protect the young 
mammal against infection. A calf needs about 1 000 litres of milk for growth, 
and that is the quantity which the primitive cow produces for each calf. 

There has been an enormous change since man took the cow into his 
service. Selective breeding has resulted in dairy cows which yield an aver- 
age of more than 6 000 litres of milk per calf, i.e. six times as much as the 
primitive cow. Some cows can yield 14 000 litres or more. 

Before a cow can start to produce milk she must have calved first. Hei- 
fers reach sexual maturity at the age of seven or eight months but are not 
usually bred until they are 15 — 18 months old. The period of gestation is 
265 — 300 days, varying according to the breed of cow, so a heifer pro- 
duces her first calf at the age of about 2 — 2.5 years. 
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Secretion of milk 


Milk is secreted in the cow’s udder — a hemispherical organ divided into 
right and left halves by a crease. Each half is divided into quarters by a 
shallower transverse crease. Each quarter has one teat with its own sepa- 
rate mammary gland, which makes it theoretically possible to get four differ- 
ent qualities from the same cow. A sectional view of the udder is shown in 
Figure 1.1. 

The udder is composed of glandular tissue which contains milk-produ- 
cing cells. It is encased in muscular tissue, which gives cohesion to the 
body of the udder and protects it against injury from knocks and blows. 

The glandular tissue contains a very large number (about 2 billion) of tiny 
bladders called alveoli. The actual milk-producing cells are located on the 


inner walls of the alveoli, which occur in groups of between 8 and 120. In the Irish village of Blackwater, 
Capillaries leading from the alveoli converge into progressively larger milk Big Bertha died on 31 December 
ducts which lead to a cavity above the teat. This cavity, Known as the cis- 1993. She was probably the 

tern of the udder, can hold up to 30 % of the total milk in the udder. oldest cow in the world when she 


died at an age of 49 years. The 
owner, mr Jerome O'Leary, an- 
nonced that Big Bertha would 
have been 50 years of age on 15 


March 1994. 
Fig. 1.1 Sectional view of the udder. 
1 Cistern of the udder Flow of blood through the udder 
2 Teat cistern approx. 90 000 I/day. Approx. 
3 Teat channel 800 — 900 | of blood needed for 


AERUS formation of one litre of milk. 
The cistern of the udder has an extension reaching down into the teat; this 
is called the teat cistern. At the end of the teat there is a channel 1 - 1.5 cm 
long. Between milkings the channel is closed by a sphincter muscle which 
prevents milk from leaking out and bacteria from entering the udder. 

The whole udder is laced with blood and lymph vessels. These bring 
nutrient-rich blood from the heart to the udder, where it is distributed by 
capillaries surrounding the alveoli. In this way the milk-producing cells are 
furnished with the necessary nutrients for the secretion of milk. “Spent” 
blood is carried away by the capillaries to veins and returned to the heart. 
The flow of blood through the udder amounts to 90 000 litres a day. It takes 


between 800 and 900 litres of blood to make one litre of milk. i » 
As the alveoli secrete milk, their internal pressure rises. If the cow is not M 

milked, secretion of milk stops when the pressure reaches a certain limit. ( iid haii 

Increase of pressure forces a small quantity of milk out into the larger ducts 

and down into the cistern. Most of the milk in the udder, however, is con- x A w 


tained in the alveoli and the fine capillaries in the alveolar area. These capil- 
laries are so fine that milk cannot flow through them of its own accord. It 
must be pressed out of the alveoli and through the capillaries into the larger 
ducts. Muscle-like cells surrounding each alveolus perform this duty during Fig. 1.2 Expression of milk from 
milking, see figure 1.2. alveolus. 
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Fig. 1.3 Milking takes 5 — 8 minutes. 


Fig. 1.4 The milk must be poured 
through a strainer and then chilled. 


The lactation cycle 
Secretion of milk in the cow’s udder begins shortly before calving, so that 
the calf can begin to feed almost immediately after birth. The cow then 
continues to give milk for about 300 days. This period is known as lactation. 

One to two months after calving the cow can be serviced again. During 
the lactation period milk production decreases, and after approx. 300 days 
it may have dropped to some 15 — 25 % of its peak volume. At this stage 
milking is discontinued to give the cow a non-lactating period of up to 60 
days prior to calving again. With the birth of the calf, a new lactation cycle 
begins. The first milk the cow produces after calving is called colostrum. It 
differs greatly form normal milk in composition and properties. See further in 
chapter 2. 

A cow is normally productive for five years. Milk production is somewhat 
lower during the first lactation period. 


Milking 

A hormone called oxytocin must be released into the cow’s bloodstream in 
order to start the emptying of the udder. This hormone is secreted and 
stored in the pituitary gland. When the cow is prepared for milking by the 
correct stimuli, a signal is sent to the gland, which then releases its store of 
oxytocin into the bloodstream. 

In the primitive cow the stimulus is provided by the calf's attempts to 
suck on the teat. The oxytocin is released when the cow feels the calf suck- 
ing. A modern dairy cow has no calf but is conditioned to react to other 
stimuli, i.e. to the sounds, smells and sensations associated with milking. 

The oxytocin begins to take effect about one minute after preparation 
has begun and causes the muscle-like cells to compress the alveoli. This 
generates pressure in the udder and can be felt with the hand; it is known 
as the letdown reflex. The pressure forces the milk down into the teat cis- 
tern, from which it is sucked into the teat cup of a milking machine or 
pressed out by the fingers during hand milking. 

The effect of the letdown reflex gradually fades away as the oxytocin is 
diluted and decomposed in the bloodstream, disappearing after 5 — 8 min- 
utes. Milking should therefore be completed within this period of time. If the 
milking procedure is prolonged in an attempt to “strip” the cow, this places 
an unnecessary strain upon the udder; the cow becomes irritated and may 
become difficult to milk. 


Hand milking 

On many farms all over the world milking is still done by hand in the same 
way as it has been done for thousands of years. Cows are usually milked by 
the same people every day, and are quickly stimulated to let down just by 
hearing the familiar sounds of the preparations for milking. 

Milking begins when the cow responds with the letdown reflex. The first 
lets of milk from the teats are rejected, as this milk often contains large 
amounts of bacteria. A careful, visual check of this first milk enables the 
milker to detect changes that may indicate that the cow is ill. 

Two diagonally opposed quarters are milked at a time: one hand presses 
the milk out of the teat cistern, after which the pressure is relaxed to allow 
more milk to run down into the teat from the cistern of the udder. At the 
same time milk is pressed out of the other teat, so that the two teats are 
milked alternately. When two quarters have been stripped this way, the 
milker then proceeds to milk the other two until the whole udder is empty. 

The milk is collected in pails and poured through a strainer, to remove 
coarse impurities, into a churn holding 30 — 50 litres. The churns are then 
chilled and stored at low temperature to await transport to the dairy. Immer- 
sion or spray chillers are normally used for cooling. 
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Machine milking 

On medium to large dairy farms, the usual practice is to milk cows by a 
machine similar to that shown in figure 1.5. The milking machine sucks the 
milk out of the teat by vacuum. The milking equipment consists of a vacu- 
um pump, a vacuum vessel which also serves as a milk collecting pail, teat 
cups connected by hoses to the vacuum vessel, and a pulsator which alter- 
nately applies vacuum and atmospheric pressure to the teat cups. 

The teat cup unit consists of a teat cup containing an inner tube of rub- 
ber, called the teat cup liner. The inside of the liner, in contact with the teat, 
is subjected to a constant vacuum of about 0.5 bar (50% vacuum) during 
milking. 

The pressure in the pulsation chamber (between the liner and teat cup) is 
regularly alternated by the pulsator between 0.5 bar during the suction 
phase and atmospheric pressure during the massage phase. The result is 
that milk is sucked from the teat cistern during the suction phase. During 
the massage phase the teat cup liner is pressed together to stop milk suc- 
tion, allowing a period of teat massage and for new milk to run down into 
the teat cistern from the udder cistern. This is followed by another suction 
phase, and so on, as shown in figure 1.6. 

Relaxation of the teat during the massage phase is necessary to avoid 
accumulation of blood and fluid in the teat, which is painful to the cow and 
will cause her to stop letting down. The pulsator alternates between the 
suction and massage phases 40 to 60 times a minute. 

The four teat cups, attached to a manifold called the milk claw, are held 
on the cow’s teats by suction. During milking, suction is alternately applied 
to the left and right teats or, in some instances, to the front teats and rear 
teats. The milk is drawn from the teats to the vacuum vessel or into a 
vacuumised transport pipe. An automatic shut-off valve operates to prevent 
dirt from being drawn into the system if a teat cup should fall off during 
milking. After the cow has been milked, the milk pail (vacuum vessel) is 
taken to a milk room where it is emptied into a churn or a special milk tank 
for chilling. 

To eliminate the heavy and time-consuming work of carrying filled pails to 
the milk room, a pipeline system may be installed for direct transport of the 
milk to the milk room by vacuum, figure 1.8. Such systems are widely em- 
ployed on medium sized and large farms and allow milk to be conveyed in a 
closed system straight from the cow to a collecting tank in the milk room. 
This is a great advantage from the bacteriological point of view. It is howev- 
er important that the pipeline system is designed to prevent air leakage 
agitating the milk in a harmful way. 

The machine milking plant is also provided with cleaning-in-place (CIP) 
facilities. 


Fig. 1.7 Preparing the cow for milking by cleaning and massaging the udders 
before the teat cups are placed on the udders. 


Chilling milk on the farm 

Milk leaves the udder at a temperature of about 37°C. Fresh milk from a 
healthy cow is practically free from bacteria, but must be protected against 
infection as soon as it leaves the udder. Micro-organisms capable of spoil- 
ing the milk are everywhere — on the udder, on the milker’s hands, on air- 
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Fig. 1.5 Machine milking equipment. 


Fig. 1.6 The phases of machine milking. 
a Teat cup liner 


Fig. 1.8 General design of pipeline milking system. 


Vacuum pump 
Vacuum pipeline 
Milk cooling tank 
Milk pipeline 
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Fig. 1.9 The influence of temperature 
on bacterial development in raw milk. 


Fig. 1.10 Milk must be chilled to 4°C or 
below as soon as it leaves the cow. 
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Fig. 1.11 Direct expansion tank used 
for cooling and storage of milk. 


borne dust particles and water droplets, on straw and chaff, on the cow’s 
hair and in the soil. Milk contaminated in this way must be filtered. 

Careful attention must be paid to hygiene in order to produce milk of 
high bacteriological quality. However, despite all precautions, it is impossible 
to completely exclude bacteria from milk. Milk is in fact an excellent growth 
medium for bacteria — it contains all the nutrients they need. So as soon as 
bacteria get into milk they start to multiply. On the other hand, the milk 
leaving the teats contains certain original bactericides which protect the milk 
against the action of micro-organisms during the initial period. It also takes 
some time for infecting micro-organisms to adapt to the new medium be- 
fore they can begin to grow. 

Unless the milk is chilled it will be quickly spoiled by micro-organisms, 
which thrive and multiply most vigorously at temperatures around 37°C. 
Milk should therefore be chilled quickly to about 4°C immediately after it 
leaves the cow. At this temperature the level of activity of micro-organisms 
is very low. But the bacteria will start to multiply again if the temperature is 
allowed to rise during storage. It is therefore important to keep the milk well 
chilled. 

The graph in figure 1.9 indicates the rate of bacterial development at 
different temperatures. 

Under certain circumstances, e.g. when water and/or electricity is not 
available on the farm or when the quantity of milk is too small to justify the 
investment needed on the farm, co-operative milk collecting centres should 
be established. 


Farm cooling equipment 

Spray or immersion coolers are used on farms which deliver milk to the 
dairy in cans. In the spray cooler, circulating chilled water is sprayed on the 
outsides of the cans to keep the milk cool. The immersion cooler consists 
of a coil which is lowered into the can. Chilled water is circulated through 
the coil to keep the milk at the required temperature (see also figure 1.19 
and 1.21). 

Where milking machines are used, the milk is collected in special farm 
tanks, see figure 1.11. These come in a variety of sizes with built-in cooling 
equipment designed to guarantee chilling to a specified temperature within 
a specified time. These tanks are also often equipped for automatic clean- 
ing to ensure a uniformly high standard of hygiene. 

On very large farms, and in collecting centres where large volumes of 
milk (more than 5 000 litres) must be chilled quickly from 37 to 4°C, the 
cooling equipment in the bulk tanks is inadequate. In these cases the tank 
is mainly used to maintain the required storage temperature; a major part of 
the cooling is carried out in heat exchangers in line in the delivery pipeline. 
Figure 1.12 shows such a system. 
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Fig. 1.12 Milking equipment on a large farm with heat exchanger for rapid chilling 
from 37 to 4°C. 


Cleaning and sanitising 
Bacterial infection of milk is caused to a great extent by the equipment; any 
surface coming in contact with the milk is a potential source of infection. It 
is therefore most important to clean and sanitise the equipment carefully. 
Where hand milking is practised, the utensils must be manually cleaned 
with suitable detergents and brushes. 
Machine milking plants are normally provided with circulation cleaning 
systems (CIP) with operating instructions and recommendations for suitable 
detergents and sanitisers. 


Frequency of delivery to the dairy 


In former times milk was delivered to the dairy twice a day, morning and 
evening. In those days the dairy was close to the farm. But as dairies be- 
came larger and fewer, their catchment areas grew wider and the average 
distance from farm to dairy increased. This meant longer intervals between 
collections. 

Collection on alternate days is common practice, and collection every 
three or even four days is not entirely unknown. 

Milk should preferably be handled in a closed system to minimise the risk 
of infection. It must be chilled quickly to 4°C as soon as it is produced and 
then kept at that temperature until processed. All equipment coming into 
contact with milk must be cleaned and disinfected. 


Quality problems may arise if the intervals between col- 
lections are too long. Certain types of micro-organisms, 


known as psychrotrophic, can grow and reproduce below Mo/ml 

+7°C. They occur mainly in soil and water, so it is important 10° 

that water used for cleaning is of high bacteriological quality. 
Psychrotrophic bacteria will grow in raw milk stored at 108 

+4°C. After an acclimatisation period of 48 — 72 hours, 

growth goes into an intense logarithmic phase, figure 1.13. 10" 


This results in breakdown of both fat and protein, giving the 
milk off-flavours that may jeopardise the quality of products 
made from it. 

This phenomenon must be allowed for in planning of 
collection schedules. If long intervals cannot be avoided, it 
is advisable to chill the milk to 2 - 3°C. 


1-9x10° 


"The critical age" 


Fig. 1.13 Bacteria growth at +4°C in 
raw milk. 
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Fig. 1.14 Typical locations of teats on 
udders of sheep. The ideal position is 
when the teats are located at the lowest 
points of the udder halves. 
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Sheep (ewe) milk 


Among the numerous breeds of sheep it is not easy to define dairy breeds, 
except by the purpose for which they are bred. Some breeds are mainly 
kept for production of meat and wool, but are occasionally also milked. 
There are breeds considered as dairy breeds but, as a result of the condi- 
tions in which they are kept, their production per lactation does not exceed 
100 kg. On the other hand, the milk production of some meat breeds can 
be 150 to 200 kg. 

There are however some breeds that can be classified as dairy breeds 
by virtue of high milk production and good milkability. They include the 
Lacaune of France, East Friesian of Germany, Awassi of the Near East and 
Tsigaya in the CIS, Romania, Hungary and Bulgaria. Production figures of 
500 to 650 kg of milk have been reported for East Friesian and Awassi 
ewes. 


Yield and lactation period 


Data on yields and lactation periods given by different authors show a wide 
span between the various breeds as well as within the same breed. The 
figures of 0.4 to 2.3 kg per ewe per day for yield and 100 to 260 days for 
lactation period should therefore be treated simply as a rough guide to the 
highest and lowest averages. 


Flock size 


It is estimated that, other things being equal, 8 to 10 dairy ewes are equal 
to one cow. 

Flock sizes of 150 to 200 ewes are therefore appropriate for intensive 
family farms, while flock sizes of 300 to 400 ewes are suitable as a produc- 
tion unit. 

A large-scale enterprise may have many thousands of sheep, but the 
number of dairy animals should not exceed 1 200 because milking is a 
labour-intensive job. The efficiency of the milking installation and the 
throughput of the parlour are of the utmost importance, and so are the 
quality of management and topographical conditions. 

A ewe is kept four to five years in a flock. The gestation period is about 
five months, and most breeds average 1 to 1.5 lambs a year — in poor areas 
less than one. Ewe lambs can be bred from the age of 12 to 13 months. 


Secretion of milk 


Lactating ewes secrete milk in the same way as other lactating domestic 
animals. The composition of sheep milk is similar as well; it differs only in the 
percentage of constituents usually found between the species of domestic 
animals, between and within breeds, between individuals and within the 
lactation period. 

Ewes produce colostrum during the first few days after lambing. Colos- 
trum has a dry matter content of up to 40% and contains the most impor- 
tant proteins, a-lactalbumin and B-lactoglobulin in particular amounting to 
16 per cent or even more. The colostral period usually lasts three to four 
days, during which the composition of the colostrum gradually changes, 
becoming more and more like ordinary milk. Colostrum is useless to the 
dairy industry and should not be delivered to dairies. 

As can be seen from table 1.1, sheep milk is richer in all its important 
constituents than cow milk, with nearly 30% more dry matter. 


Milk fat 


Fat globules in sheep’s milk range in size from 0.5 to 25 microns, but the 
largest fraction is between 3 and 8 microns, i.e. nearly twice as big as the 
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fat globules in cow milk. The fat in sheep milk contains slightly more caprylic 
and capric fatty acids than cow milk fat, which is the reason for the special 
taste and aroma of sheep milk products. 


Protein 

Sheep milk is typical “casein milk” as it contains on an average 4.5 per cent 
of casein and only around one per cent of whey proteins. The ratio casein/ 
whey protein of sheep milk thus differs somewhat in comparison with that 
of cow’s milk, viz 82 : 18 versus 80 : 20. 


Some properties of sheep milk 

Specific gravity is 1.032 — 1.040 due to its high content of solids-non-fat. 
Acidity is high due to a high percentage of proteins and varies between 9.6 
and 12 °SH. (Cow milk = 6.5 to 7.2 °SH.) The pH normally lies between 6.5 
and 6.8 (Cow milk 6.5 to 6.7.) 


Milking 

It should be noted that there is a great difference between cows and ewes 
as regards yield. While the cow has an udder of four quarters, each with 
one teat, normally vertically located, the sheep has an udder of two halves, 
each with one teat. 

While the cow is normally easy to milk, both manually and by machine, 
sheep are more difficult to milk satisfactorily because the teats of many 
breeds and individuals are horizontally oriented. An ideal udder is one with 
the teats at the lowest points of the udder halves. Figure 1.14 shows exam- 
ples of various sheep udder configurations. 

Some breeds have a small percentage of cistern milk (figure 1.15), and 
the results of milking depend largely on how well the let-down reflex works. 

As with cows, the release of milk is initiated by a hormone, oxytocin, 
which causes the muscle-like cells to compress the alveoli. This generates 
pressure in the udder, a phenomenon called the let-down reflex. The let- 
down reflex of sheep lasts only for a short period, up to two minutes (as 
against up to 8 minutes for cows) depending on breed and stage of lacta- Fig. 1.15 Cross-section of one half of a 
tion. The milking period is therefore correspondingly short. sheep's udder. 

1 Alveolar tissue 


Hand milking 2 Mik ducts 


Very likely hand milking is the method most often used on small family y bes aia 
farms. The milking efficiency is very much dependent on the let-down reflex, 

and as an example the following efficiencies have been proved. A good 

milker should be able to milk 20 to 40 ewes with slow let-down reflexes (the 

Lacaune breed) in one hour, while the same milker can hand-milk 40 to 100 

ewes per hour of sheep having short let-down reflexes (the Manech breed). 
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Fig. 1.16 Churn milking system. 
Milk churn with pulsator 
Vacuum pipeline 

Milk tank for cooling and storage 
Vacuum pump 

Teat cup cleaning unit 
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Fig. 1.17 Pipeline milking system. 
Milk pipeline 

Vacuum pipeline 

End unit 

Milk tank for cooling and storage 
Vacuum pump 

Teat cup cleaning unit 
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Machine milking 


Dairy farmers with more than 150 ewes generally install machine milking 
systems to take the hard labour out of milking. However, not all milking 
machines are suitable for ewes. 

The working principle of milking machines for ewes is similar to that 
described for cows. 

The most common types of machine milking installations are churn, 
pipeline and mobile, see figure 1.16, 1.17 and 1.18. 

In a churn installation the vacuum system is fixed and the churn unit is 
movable. The churn, which holds 15 to 20 litres, is used for manual trans- 
port of milk to the storage tank. 

The pulsator or pulse relay can be mounted on the churn lid. A non- 
return valve in the lid allows air to be sucked from the 


pail. 


Fig. 1.18 Mobile milking unit. 


10 


A churn plant can have one to three churns per 
operator. The normal capacity of an operator with 
two churns is 70 ewes per hour. This type of installa- 
tion is suitable for small flocks of up to 140 animals. 
In a pipeline milking installation the milk line can 
be installed at high or low level in the parlour. Milking 
capacity depends on the design of the parlour. 
The mobile milking unit is suitable for small flocks and outdoor 
milking, and when ewes must be milked in different places. The 
installation has the same capacity as that of a churn milking installa- 
tion. 

The unit consists of a complete vacuum system, power unit (electric 
motor or combustion engine), cluster assemblies, milk container for 20 to 
50 litres and pulsation system, all mounted on a trolley. 

During milking the trolley is placed behind four to eight ewes. The two 
pivoted bars are turned outwards behind the ewes, and the cluster assem- 
blies are attached from the rear. 


Chilling of milk 


Efficient cooling after milking is the best way to prevent bacterial growth. 
Various cooling systems are available; the choice depends on the volume of 
milk production. The equipment can of course also be used for cow and 
goat milk. 

An in-can cooler, shown in figure 1.19, is suitable for small producers. It 
is much favoured by users of chilled water units and producers using direct- 
to-can milking equipment. 

An immersion cooler is designed for direct cooling of the milk in churns 
as well as in tanks. The condensing unit is mounted on a wall, figure 1.20. 

The evaporator is located at the lower end of the immersion unit. 
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The immersion cooler can also be used for indirect cooling, i.e. for cool- 
ing water in insulated basins. The milk is then cooled in transport churns 
immersed in the chilled water. 

Insulated farm tanks for immersion coolers are available in both station- 
ary and mobile types, figure 1.21. When road conditions prevent access by 
tanker truck, a mobile tank can be used to bring the milk to a suitable col- 
lection point. Mobile tanks are easy to transport and thus suitable for milk- 
ing in the fields. 

Direct expansion tanks (figure 1.11 can also be used for cooling and 
storage of milk. 


Fig. 1.19 An in-can cooler is placed on 
top of the milking bucket or any type of 
milk can. 


Fig. 1.20 The immersion cooler is placed 
directly on the transportation churn. 


Fig. 1.21 The insulated farm tank can 
be filled in the field and easily transpor- 
ted to the chilling unit. 


Cleaning and sanitising 
Bacterial infection of milk is caused mainly by unclean equipment; any un- 
clean surface coming in contact with the milk is a potential source of infec- 
tion. 

Manual cleaning with brushes is a common method. 

Circulation cleaning is often performed in machine milking plants. The 
cleaning solution is circulated through the plant by vacuum and/or a pump. 

Suitable detergents and sanitisers as well as appropriate temperatures 
for cleaning and sanitation are recommended by the suppliers of machine 
milking plants. 


Goat milk 


The goat was probably the first ruminant to be domesticated. Goats origi- 
nated in Asia and are now spread almost all over the globe. Goats are 
very hardy animals, and they thrive in areas where other animals have 

difficulties. Unlike sheep, goats are not flock animals. 

There are numerous breeds of goat, and it is difficult to define any 
particular breed as a dairy breed. However, the Swiss breeds (Saana, 
Toggenburg, Chamois) have been very successfully selected and bred 
for their milk yield. They have been exported all over the world to 
upgrade the milk yield of local breeds. 

Non-dairy breeds which should be mentioned are Cashmere and 
Angora, well-known for the special wool they produce. 


Yield and lactation period 


In a well-managed milk production unit a goat can produce between 400 
and 900 kg milk per lactation. The period of lactation varies from 200 to 
300 days. 

The hard, uncomfortable work of hand milking is eased by the milking 
machine, but a minimum production must be achieved to justify mechanisa- 
tion. For a family-sized goat milking operation, 40 to 120 goats are required 
to reach an acceptable turnover. An enterprise requires a larger number of 
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animals, e.g. 200 to 1 000 goats. An intensive and feasible production unit, 
family sized operation or enterprise, however, requires not only appropriate 
machine milking equipment but also effective management, feeding and 
breeding programmes. 


Secretion of milk 


Goats secrete milk in the same way as other lactating domestic animals. 
The composition of goat milk, like that of other species, is influenced by 
several factors. The figures given in Table 1.1 are thus approximate. At first 
sight it might seem as if goat milk is similar to that of the cow. However, the 
ratio of casein to whey proteins in goat milk can be around 75:25 as against 
about 80:20 in cow milk. The high portion of whey proteins may make goat 
Fig. 1.22 The shape of the goat's milk more sensitive to heating. 

udders. The pH of the milk normally lies between 6.5 and 6.7. 


Milking 


1 The female goat, like the ewe, has an udder with two halves, figure 1.22, 
each with one teat. Compared with the ewe, the teats are normally some- 
2 what longer and located at the lowest point of each half, so both manual 


and machine milking are fairly easy to perform. 

The let-down reflex of a goat may last for 1 to 4 minutes depending on 
stage of lactation and breed, which means that the time for milking out is 
approximately the same. 


Hand milking 


Hand milking is a common way of milking goats. 


Machine milking, cooling and storage 


4 Machine milking greatly facilitates the work on large goat farms. Previous 
information about sheep and equipment for milking, cooling, cleaning and 

Fig. 1.23 Cross-section of one half storage applies for the most part to goats as well. 

of the goat’s udder. 

1 Alveolar tissue 

2 Milk ducts 

3 Cistern 

4 Teat canal 
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Chapter 2 


The chemistry of milk 


The principal constituents of milk are water, fat, proteins, lactose (milk 
sugar) and minerals (salts). Milk also contains trace amounts of other 
substances such as pigments, enzymes, vitamins, phospholipids (sub- 
stances with fatlike properties), and gases. 


The residue left when water and gases are removed is called the ary matter 
(DM) or total solids content of the milk. 

Milk is a very complex product. In order to describe the various constitu- 
ents of milk and how they are affected by the various stages of treatment in 
the dairy, it is necessary to resort to chemical terminology. This chapter on 
the chemistry of milk therefore begins with a brief review of some basic 
chemical concepts. 
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Chemical symbols of some com- 
mon elements in organic matter: 


C Carbon N Nitrogen 

Cl Chlorine Na Sodium 

H Hydrogen O Oxygen 

| Iodine P Phosphorus 


K Potassium S&S Sulphur 


Fig. 2.1 The nucleus of the atom con- 
sists of protons and neutrons. Electrons 
orbit the nucleus. 


.< Diameter 1 


| 
Atomic l l 
nucleus !_Q i 

| 


e 


i 7 
Electron O 
< 


Diameter 10 000 


Fig 2.2 The nucleus is so small in rela- 
tion to the atom that if it were enlarged 
to the size of a tennis ball, the outer 


electron shell would be 325 metres from 


the centre. 
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Basic chemical concepts 


Atoms 


The atom is the smallest building block of all matter in nature and cannot be 
divided chemically. A substance in which all the atoms are of the same 
kind is called an element. More than 100 elements are known today. Exam- 
ples are oxygen, carbon, copper, hydrogen and iron. However, most natu- 
rally occurring substances are composed of several different elements. Air, 
for example, is a mixture of oxygen, nitrogen, carbon dioxide and rare gas- 
es, while water is a chemical compound of the elements hydrogen and 
oxygen. 

The nucleus of the atom consists of protons and neutrons, figure 2.1. 
The protons carry a positive unit charge, while the neutrons are electrically 
neutral. The electrons, which orbit the nucleus, carry a negative charge 
equal and opposite to the unit charge of the protons. 

An atom contains equal numbers of protons and electrons with an equal 
number of positive and negative charges. The atom is therefore electrically 
neutral. 

An atom is very small, figure 2.2. There are about as many atoms in a 
small copper coin as there are seconds in a thousand million million years! 
Even so, an atom consists mostly of empty space. If we call the diameter of 
the nucleus one, the diameter of the whole atom is about 10 000. 


lons 

An atom may lose or gain one or more electrons. Such an atom is no longer 
electrically neutral. It is called an ion. If the ion contains more electrons than 
protons it is negatively charged, but if it has lost one or more electrons it is 
positively charged. 

Positive and negative ions are always present at the same time; i.e. in 
solutions as cations (positive charge) and anions (negative charge) or in 
solid form as salts. Common salt consists of sodium (Na) and chlorine (Cl) 
ions and has the formula NaCl (sodium chloride). 


Molecules 


Atoms of the same element or of different elements can combine into larger 
units which are called molecules. The molecules can then form solid sub- 
stances, for example iron (Fe) or siliceous sand (SiO,), liquids, for example 
water (H,O), or gases, for example hydrogen (H,). If the molecule consists 
mainly of carbon, hydrogen and nitrogen atoms the compound formed is 
said to be organic, i.e. produced from organic cells. An example is lactic 
acid (C,H,0.). The formula means that 
the molecule is made up of three carbon 
atoms, six hydrogen atoms and three 
oxygen atoms. 


G@H50H 
Molecular formula 


HA 
emcee 
H H H 


o Structural formula 
H,O H `H 


Molecular formula Structural formula 


Fig 2.4 Three ways of symbolising 
an ethyl alcohol molecule. 


Fig 2.3 Three ways of symbolising a 
water molecule. 


Dairy Processing Handbook/chapter 2 


The number of atoms in a molecule can vary enormously. There are 


molecules which consist of two linked atoms, and others composed of Organic compounds contain 
hundreds of atoms. mainly carbon, oxygen and 
hydrogen. 
7 7 . Inorganic compounds contain 
Basic physical-chemical mainly other atoms. 


properties of cows’ milk 


Cows’ milk consists of about 87% water and 13% dry substance. The dry 
substance is suspended or dissolved in the water. Depending on the type of 
solids there are different distribution systems of them in the water phase. 


Table 2.1 
Physical-chemical status of cows’ milk. 


Average Emulsion Collodial True 
composition type Oil/Water solution/ solution 
% suspension 
Moisture 87.0 
Fat 4.0 X 
Proteins 25 X 
Lactose 4.7 X 
Ash 0.8 x 
Definitions 


Emulsion: a suspension of droplets of one liquid in another. Milk is an emul- 
sion of fat in water, butter an emulsion of water in fat. The finely divided 
liquid is known as the dispersed phase and the other as the continuous 
phase. : 
Collodial solution: when matter exists in a state of division intermediate to Š 19 P AA A and ee 
true solution (e.g. sugar in water) and suspension (e.g. chalk in water) it is i prec ee ad paa ios 
n ‘ poe aaa or colloidal suspension. The typical charac- smülšioh: toa waterin-oil emulsio 
e small particle size 

e electrical charge and 

e affinity of the particles for water molecules. 


In milk the whey proteins are in colloidal solution 
and the casein in colloidal suspension. 


Substances such as salts destabilise colloidal systems by changing the 

water binding and thereby reducing protein solubility, and factors such as 
heat, causing unfolding of the whey proteins and increased interaction be- 
tween the proteins, or alcohol which may act by dehydrating the particles. 


Table 2.2 
Relative sizes of particles in milk. 


Size (mm) Type of particles 

10 t© 10= Fat globules 

TO WO Casein-calcium phosphates 

10> to 10% Whey proteins 

IOS toO Lactose, salts and other substances in true solutions 


Fig 2.6 Milk proteins can be made 
visible by an electron microscope. 


Ref. A Dictionary of Dairying by J G Davis 


Dairy Processing Handbook/chapter 2 15 


Fig 2.7 lonic solution. 


Fig 2.8 Neutral 
solution with pH 7. 


Fig 2.9 Alkaline 
solution with pH 
higher than 7. 


Fig 2.10 Acid 
solution with pH 
less than 7. 
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True solutions: Matter which, when mixed with water or other liquids, 
forms true solutions, is divided into: 
e non-ionic solutions. When lactose is dissolved in water, 
no important changes occur in the molecular structure of 
the lactose. 
e ionic solutions. When common salt is dissolved in water, 
cations ( Na*) and anions (CI) are dispersed in the water, 
forming an electrolyte. 


Acidity of solutions 


When an acid (e.g. hydrochloric acid, HCl) is mixed with water it releases 
hydrogen ions (protons) with a positive charge (H+). These quickly attach 
themselves to water molecules, forming hydronium (H,0*) ions. 

When a base (a metal oxide or hydroxide) is added to water, it forms a 
basic or alkaline solution. When the base dissolves it releases hydroxide 
(OH) ions. 

e A solution that contains equal numbers of hydroxide and 

hydronium ions is neutral. Figure 2.8. 

e A solution that contains more hydroxide ions than hydronium 

ions is alkaline. Figure 2.9. 

e A solution that contains more hydronium ions than hydroxide 

ions is acid. Figure 2.10. 


pH 
The acidity of a solution is determined as the concentration of hydronium 
ions. However, this varies a great deal from one solution to another. The 
symbol pH is used to denote the hydronium ion concentration. Mathemati- 
cally pH is defined as the negative logarithm to the base 10 of the hydro- 
nium ion concentration expressed in molarity, i.e. pH = — log [H+]. 

This results in the following scale at 25°C: 


pH > 7 — alkaline solution 
pH = 7 — neutral solution 
pH < 7 —acid solution 


Neutralisation 

When an acid is mixed with an alkali the hydronium and hydroxide ions 
react with each other to form water. If the acid and alkali are mixed in cer- 
tain proportions, the resulting mixture will be neutral, with no excess of 
either hydronium or hydroxide ions and with a pH of 7. This operation is 
called neutralisation and the chemical formula 


H,0* + OH results in H,O + H,O 


Neutralisation results in the formation of a salt. When hydrochloric acid (HCl) 
is mixed with sodium hydroxide (NaOH), the two react to form sodium chlo- 
ride (NaCl) and water (H,0). The salts of hydrochloric acid are called chlo- 
rides, and other salts are similarly named after the acids from which they are 
formed: citric acid forms citrates, nitric acid forms nitrates, and so on. 


Diffusion 

The particles present in a solution — ions, molecules or colloids — are influ- 
enced by forces which cause them to migrate (diffuse) from areas of high 
concentration to areas of low concentration. The diffusion process contin- 
ues until the whole solution is homogeneous, with the same concentration 
throughout. 
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Sugar dissolving in a cup of coffee is an example of diffu- 
sion. The sugar dissolves quickly in the hot drink, and the 
sugar molecules diffuse until they are uniformly distributed in 
the drink. 

The rate of diffusion depends on particle velocity, which in 
turn depends on the temperature, the size of the particles, 
and the difference in concentration between various parts of 
the solution. 

Figure 2.11 illustrates the principle of the diffusion process. 
The U-tube is divided into two compartments by a permeable 
membrane. The left leg is then filled with water and the right 
with a sugar solution whose molecules can pass through the 
membrane. After a while, through diffusion, the concentration 
is equalised on both sides of the membrane. 


Osmosis 

Osmosis is the term used to describe the spontaneous flow 
of pure water into an aqueous solution, or from a less to a 
more concentrated solution, when separated by a suitable 
membrane. The phenomenon of osmosis can be illustrated 
by the example shown in figure 2.12. The U-tubes are divided 
in two compartments by a semi-permeable membrane. The 
left leg is filled with water and the right with a sugar solution 
whose molecules cannot pass through the membrane. Now 
the water molecules will diffuse through the membrane into 
the sugar solution and dilute it to a lower concentration. This 
process is called osmosis. 


ed. The surface of the solution rises as shown in figure 2.12, 
and the hydrostatic pressure, a, of the solution on the mem- 
brane becomes higher than the pressure of the water on the 
other side. In this state of imbalance, water molecules begin 
to diffuse back in the opposite direction under the influence of 
the higher hydrostatic pressure in the solution. When the 
diffusion of water in both directions is equal, the system is in 
equilibrium. 

If hydrostatic pressure is initially applied to the sugar solu- 
tion, the intake of water through the membrane can be re- 
duced. The hydrostatic pressure necessary to prevent equali- 
zation of the concentration by diffusion of water into the sugar 
solution is called the osmotic pressure of the solution. 


Reverse osmosis 

If a pressure higher than the osmotic pressure is applied to 
the sugar solution, water molecules can be made to diffuse 
from the solution to the water, thereby increasing the concen- 
tration of the solution. This process illustrated in figure 2.13 is 
used commercially to concentrate solutions and is termed 
Reverse Osmosis (RO). 


Dialysis 


Dialysis is a technique employing the difference in concentration as a driving 
force to separate large particles from small ones in a solution, for example 
proteins from salts. The solution to be treated is placed on one side of a 
membrane, and a solvent (water) on the other side. The membrane has 
pores of a diameter which allows the small salt molecules to pass through, 
but is too small for the protein molecules to pass, see figure 2.14. 

The rate of diffusion varies with the difference in concentration, so dialy- 
sis can be speeded up if the solvent on the other side of the membrane is 


changed often. 
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Semi-permeable 
The volume of the sugar solution increases when it is dilut- Membrane 


Sugar 
molecules 


Phase 1 Phase 2 


Permeable 
membrane 


Permeable 
membrane 


Fig 2.11 The sugar molecules diffuse through the 
permeable membrane and the water molecules diffuse 
in the opposite direction in order to equalise the con- 
centration of the solution. 


Sugar 
molecules 


Semi-permeable Phase 2 


membrane 


Fig. 2.12 The sugar molecules are too large to diffuse 
through the semi-permeable membrane. Only the small 
water molecules can diffuse to equalise the concentra- 


oa) 


tion. “a” is the osmotic pressure of the solution. 


Plunger Counter pressure 


higher than a 


Phase 1 Phase 2 
Fig. 2.13 If a pressure higher than the osmotic pres- 
sure is applied to the sugar solution, water molecules 
diffuse and the solution becomes more concentrated. 


Permeable membrane 


Fig 2.14 Diluting the solution on one 
side of the membrane concentrates the 
large molecules as small molecules pass 
throught it. 
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Composition of cows’ milk 


The quantities of the various main constituents of milk can vary considerably 
between cows of different breeds and between individual cows of the same 
breed. Therefore only limit values can be stated for the variations. The num- 
bers in Table 2.3 are simply examples. 
Besides total solids, the term solids-non-fat (SNF) is used in discussing 
the composition of milk. SNF is the total solids content less the fat content. 
The mean SNF content according to Table 2:3 is consequently 13.0 - 3.9 = 
Fat globule 


9.1%. The pH of normal milk generally lies between 6.5 and 6.7, with 6.6 as 
Skimmilk tne most common value. This value applies at temperature of measurement 
x near 25°C. 


Table 2.3 
Quantitative composition of milk 


Main constituent Limits of variation Mean value 
. i , Water 285:5 - 89.5 87.5 
Fig 2.15 A look into mik. Total solids 105 = 145 13.0 
Fat 25 - 6.0 3.9 
Proteins 2.9 - 50 3.4 
Lactose 3.6 - 55 4.8 
Minerals 0.6 - 0.9 0.8 
Cream layer 
Milk fat 


Milk and cream are examples of fat-in-water (or oil-in-water) emulsions. The 
milk fat exists as small globules or droplets dispersed in the milk serum, 
figure 2.15. Their diameters range from 0.1 to 20 um (1 um = 0.001 mm). 
The average size is 3 —- 4 um and there are some 15 billion globules per ml. 
The emulsion is stabilised by a very thin membrane only 5 — 10 nm thick 


Fig 2.16 If milk is left to stand for a (1 nm = 10m ) which surrounds the globules and has a complicated com- 
while in a vessel, the fat will rise and position. 
form a layer of cream on the surface. Milk fat consists of triglycerides (the dominating components), di- and 


monoglycerides, fatty acids, sterols, carotenoids (the yellow colour of the 
fat), vitamins (A, D, E, and K), and all the others, trace elements, are minor 
components. A milk fat globule is outlined in figure 2.17. 
The membrane consists of phospholipids, lipoproteins, cerebrosides, 
proteins, nucleic acids, enzymes, trace elements (metals) and bound water. 
It should be noted that the composition and thickness of the membrane are 
not constant because components are constantly being exchanged with 
Triglycerides the surrounding milk serum. 
pe As the fat globules are not only the largest particles in the milk but also 
ees the lightest (density at 15.5°C = 0.93 g/cm’), they tend to rise to the 
Carotenoids surface when milk is left to stand in a vessel for a while, figure 2.16. 
Vitamins: A, D, E,K The rate of rise follows Stokes’ Law, but the small size of the fat 
globules makes creaming a slow process. Cream separation can how- 


Phospholipids ever be accelerated by aggregation of fat globules under the influence of 


Lipoproteins a protein called agglutinin. These aggregates rise much faster than 
Glycerides ater 7 ; 
Cerebrosides individual fat globules. The aggregates are easily broken up by heating 

Proteins or mechanical treatment. Agglutinin is denaturated at time-temperature 
Nucleic acids combinations such as 65°C/10 min or 75°C/2 min. 
Enzymes 
Metals i : 
Water Chemical structure of milk fat 
Milk fat is liquid when milk leaves the udder at 37°C. This means that the 
fat globules can easily change their shape when exposed to moderate 
mechanical treatment — pumping and flowing in pipes for instance — without 
Fig 2.17 The composition of milk fat. being released from their membranes. 
Size 0.1 — 20 um. Average size 3 — 4 um. All fats belong to a group of chemical substances called esters, which 
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are compounds of alcohols and acids. Milk fat is a mixture of differ- 
ent fatty-acid esters called triglycerides, which are composed of an 
alcohol called glycerol and various fatty acids. Fatty acids make up 
about 90% of milk fat. 

A fatty-acid molecule is composed of a hydrocarbon chain and 
a carboxyl group (formula RCOOH). In saturated fatty acids the 
carbon atoms are linked together in a chain by single bonds, while 
in unsaturated fatty acids there are one or more double bonds in 
the hydrocarbon chain. Each glycerol molecule can bind three 
fatty-acid molecules, and as the three need not necessarily be of 
the same kind, the number of different glycerides in milk is extremely large. 

Table 2.4 lists the most important fatty acids in milk fat triglycerides. 

Milk fat is characterised by the presence of relatively large amounts of 
butyric and caproic acid. 


Solid, 
crystalised fat 
with various 
melting points 


Liquid fat 


Fig 2.18 Sectional view of a fat globule. 


Table 2.4 
Principal fatty acids in milk fat 


FATTY ACID 


Fatty acid % of total fatty- Melting point Number of atoms | FATTY ACID 
acid content °C H C O 
Saturated eee 
Butyric acid 30 - 4.5 -7.9 8 4 2 Liquid at 
Caproic acid 1.3 - 2.2 -1.5 12 6 2 room temp- 
Caprylic acid 0.8 - 2.5 +16.5 16 8 2 erature 
Capric acid 18 = 38 +31.4 20 10 2 , 
Lauricacid 20 - 50 +43.6 24 12 2 Soldat 
Myristic acid 7.0 - 11.0 +53.8 pe {an a Om 
Palmitic acid 25.0 - 29.0 +62.6 a 6 2 eme- 
Stearic acid 7.0 - 3.0 +69.3 ag e eee 
Unsaturated uria 
Oleic acid 30.0 - 40.0 +14.0 adie o ee 
Linoleic acid 2.0 - 3.0 -5.0 ee je 2 Cmime- 
Linolenic acid up to 1.0 -5.0 ge 2 me 
Arachidonic acid up to 1.0 -49.5 82 20 2 
Fig 2.19 Milk fat is a mixture of different 
Melting point of fat fatty acids and glycerol. 


Table 2.4 shows that the four most abundant fatty acids in milk are myristic, 
palmitic, stearic and oleic acids. 

The first three are solid and the last is liquid at room temperature. As the 
quoted figures indicate, the relative amounts of the different fatty acids can 
vary considerably. This variation affects the hardness of the fat. Fat with a 
high content of high-melting fatty acids, such as palmitic acid, will be hard; 
but on the other hand, fat with a high content of low-melting oleic acid 
makes soft butter. 

Determining the quantities of individual fatty acids is a matter of purely 
scientific interest. For practical purposes it is sufficient to determine one or 
more constants or indices which provide certain information concerning the 
composition of the fat. 


lodine value 

Fatty acids with the same numbers of C and H atoms but with different 
numbers of single and double bonds have completely different characteris- 
tics. The most important and most widely used method of indicating their 
specific characteristics is to measure the iodine value (IV) of the fat. The 


Fig 2.20 Molecular and structural formulae of stearic and oleic acids. 
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Fat with a high content of high- _ 
melting fatty acids is hard. | 


Fat with a high content of low- 
melting fatty acids is soft. 


J F M AM J J A S O N D 
Month 


Fig 2.21 lodine value at different times 
of the year. The iodine value is a direct 
measure of the oleic acid content of the 
fat. 


Fig 2.22 Milk fat crystallisation is an 
exothermic reaction, which means that 
the chemical reaction is accompanied 
by evolution of heat. The crystallisation 
curve is based on analysis made by the 
NMR method. 
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iodine value states the percentage of iodine that the fat can bind. lodine is 
taken up by the double bonds of the unsaturated fatty acids. Since oleic 
acid is by far the most abundant of the unsaturated fatty acids, which are 
liquid at room temperature, the iodine value is largely a measure of the 
oleic-acid content and thereby of the softness of the fat. 

The iodine value of butterfat normally varies between 24 and 46. The 
variations are determined by what the cows eat. Green pasture in the sum- 
mer promotes a high content of oleic acid, so that summer milk fat is soft 
(high iodine value). Certain fodder concentrates, such as sunflower cake 
and linseed cake, also produce soft fat, while types of fodder such as coco- 
nut and palm oil cake and root vegetable tops produce hard fat. It is there- 
fore possible to influence the consistency of milk fat by choosing a suitable 
diet for the cows. For butter of optimum consistency the iodine value 
should be between 32 and 37. 

Figure 2.21 shows an example of how the iodine value of milk fat can 
vary in the course of a year (Sweden). 


Refractive index 

The amount of different fatty acids in fat also affects the way it refracts light. 
It is therefore common practice to determine the refractive index of fat, 
which can then be used to calculate the iodine value. This is a quick meth- 
od of assessing the hardness of the fat. The refractive index normally varies 
between 40 and 46. 


Nuclear Magnetic Resonance (NMR) 

Instead of analysing the iodine value or refractive index, the ratio of satura- 
ted fat to unsaturated fat can be determined by pulsed NMR. A conversion 
factor can be used to transform the NMR value into a corresponding iodine 
value if desired. 

The NMR method can also be utilised to find out the degree of fat crys- 
tallisation as a function of the time of crystallisation. Trials made at the SMR 
laboratory in Malmö, Sweden, 1979 to 1981, show that fat crystallisation 
takes a long time in a 40% cream cooled from 60°C to 5°C. A crystallisation 
time of at least 2 hours was needed, and the proportion of crystallised fat 
was 65% of the total. 

It was also noted that only 15 to 20% of the fat was crystallised 2 min- 
utes after 5°C was reached. The NMR value of butterfat normally varies 
between 30 and 41. 


Fat crystallisation 

During the crystallisation process the fat globules are in a very sensitive 
state and are easily broken — opened up — even by moderate mechanical 
treatment. 


°C 


Cryst. fat 
i 


* Exothermic = a chemical reaction accompanied by 
development of heat. (Heat of fusion) 
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Electron microscope studies have shown that fat crystallises in monomo- 
lecular spheres, see figure 2.22. At the same time fractionation takes place, 
so that the triglycerides with the highest melting points form the outer 
spheres. Because crystallised fat has a lower specific volume than liquid fat, 
tensions arise inside the globules, making them particularly unstable and 
susceptible to breakage during the crystallisation period. The result is that 
liquid fat is released into the milk serum, causing formation of lumps where 
the free fat glues the unbroken globules together (the same phenomenon 
that occurs in butter production). Crystallisation of fat generates fusion heat, 
which raises the temperature somewhat. (40% cream cooled from 60°C to 
7 — 8°C grows 3 — 4°C warmer during the crystallisation period). 

It is important to bear this important property of milk fat in mind in pro- 
duction of cream for various purposes. 


Proteins in milk 

Proteins are an essential part of our diet. The proteins we eat are broken 
down into simpler compounds in the digestive system and in the liver. 
These compounds are then conveyed to the cells of the body where they 
are used as construction material for building the body’s own protein. The 
great majority of the chemical reactions that occur in the organism are con- 
trolled by certain active proteins, the enzymes. 

Proteins are giant molecules built up of smaller units called amino acids, 
figure 2.23. A protein molecule consists of one or more interlinked chains of 
amino acids, where the amino acids are arranged in a specific order. A 
protein molecule usually contains around 100 — 200 linked amino acids, but 
both smaller and much larger numbers are known to constitute a protein 
molecule. 


Amino acids 

The amino acids in figure 2.24 are the building blocks forming the protein, 
and they are distinguished by the simultaneous presence of one amino 
group (NH,) and one carboxyl group (COOR) in the molecule. The proteins 
are formed from a specific kind of amino acids, œ amino acids, i.e. those 
which have both an amino group and a carboxyl group bound to the same 
carbon atom, the a-carbon. 

The amino acids belong to a group of chemical compounds which can 
emit hydronium ions in alkaline solutions and absorb hydronium ions in acid 
solutions. Such compounds are called amphotery electrolytes or am- 
pholytes. The amino acids can thus appear in three states: 

1 Negatively charged in alkaline solutions 

2 Neutral at equal + and — charges 

3 Positively charged in acid solutions 

Proteins are built from a supply of approx. 20 amino acids, 
18 of which are found in milk proteins. 

An important fact with regard to nutrition is that eight (nine for infants) of 
the 20 amino acids cannot be synthesised by the human organism. As they 
are necessary for maintaining a proper metabolism, they have to be sup- 
plied with the food. They are called essential amino acids, and all of them 
are present in milk protein. 

The type and the order of the amino acids in the protein molecule deter- 
mine the nature of the protein. Any change of amino acids regarding type or 
place in the molecular chain may result in a protein with different properties. 
As the possible number of combinations of 18 amino acids in a chain con- 
taining 100 — 200 amino acids is almost unlimited, the number of proteins 
with different properties is also almost unlimited. Figure 2.24 shows a model 
of an amino acid. The characteristic feature of amino acids is that they con- 
tain both a slightly basic amino group (—NH,) and a slightly acid carboxyl 
group (-COOH). These groups are connected to a side chain, (R). 

If the side chain is polar, the water-attracting properties of the basic and 
acid groups, in addition to the polar side chain, will normally dominate and 
the whole amino acid will attract water and dissolve readily in water. Such 
an amino acid is named hydrophilic (water-loving). 
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Amino acid 


Amino acid Carboxyl group 


Fig 2.23 Model of a protein molecule 
chain of amino acids, the amino and 
carboxyl groups. 
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If on the other hand the side chain is of hydrocarbon which does not 
H O contain hydrophilic radicals, the properties of the hydrocarbon chain will 
| WE dominate. A long hydrocarbon chain repels water and makes the amino 
e acid less soluble or compatible with water. Such an amino acid is called 
R—:C:—C hydrophobic (water-repellent). 
Buai NX If there are certain radicals such as hydroxyl (-OH) or amino groups (— 
NH,) in the hydrocarbon chain, its hydrophobic properties will be modified 
NH2 OH towards more hydrophilic. If hydrophobic amino acids are predominant in 
one part of a protein molecule, that part will have hydrophobic properties. 
An aggregation of hydrophilic amino acids in another part of the molecule 


Fig 2.24 The structure of a general will, by analogy, give that part hydrophilic properties. A protein molecule 
amino acid. R in the figure stands for may therefore be either hydrophilic, hydrophobic, intermediate or locally 
organic material bound to the central hydrophilic and hydrophobic. 

carbon atom. Some milk proteins demonstrate very great differences within the mole- 


cules with regard to water compitability, and some very important properties 
of the proteins depend on such differences. 

Hydroxyl groups in the chains of some amino acids in casein may be 
esterified with phosphoric acid. Such groups enable casein to bind calcium 
ions or colloidal calcium hydroxyphosphate, forming strong bridges bet- 
ween or within the molecules. 


The electrical status of milk proteins 

The side chains of some amino acids in milk proteins carry an electric 
charge which is determined by the pH of the milk. When the pH of milk is 
changed by addition of an acid or a base, the charge distribution of the 
proteins is also changed. The electrical status of the milk proteins and the 
resulting properties are illustrated in the figures 2.25 to 2.28. 


Fig 2.25 A protein molecule at pH 6.6 
has a net negative charge. 


Fig 2.26 Protein molecules at pH = 4.7, Fig 2.27 Protein molecules Fig 2.28 Protein molecules 
the isoelectric point. at DH =1 at pH = 14 


At the nomal pH of milk, = pH 6.6, a protein molecule has a net negative 
charge, figure 2.25. The protein molecules remain separated because iden- 
tical charges repel each other. 

If hydrogen ions are added, (figure 2.26) they are adsorbed by the pro- 
tein molecules. At a pH value where the positive charge of the protein is 
equal to the negative charge, i.e. where the numbers of NH,* and COO- 
groups on the side chains are equal, the net total charge of the protein is 
zero. The protein molecules no longer repel each other, but the positive 
charges on one molecule link up with negative charges on the neighbouring 
molecules and large protein clusters are formed. The protein is then precipi- 
tated from the solution. The pH at which this happens is called the isoelec- 
tric point of the protein. 

In the presence of an excess of hydrogen ions the molecules acquire a 
net positive charge as shown in figure 2.27. Then they repel each other 
once more and therefore remain in solution. 

If, on the other hand, a strong alkaline solution (NaOH) is added, all pro- 
teins acquire negative charges and dissolve. 


Classes of milk proteins 


Milk contains hundreds of types of protein, most of them in very small 
amounts. The proteins can be classified in various ways according to their 
chemical or physical properties and their biological functions. The old way 
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of grouping milk proteins into casein, albumin and globulin has given way to 
a more adequate classification system. Table 2.5 shows an abridged list of 
milk proteins according to a modern system. Minor protein groups have 
been excluded for the sake of simplicity. 

Whey protein is a term often used as a synonym for milk-serum proteins, 
but it should be reserved for the proteins in whey from the cheesemaking 
process. In addition to milk-serum proteins, whey protein also contains 
fragments of casein molecules. Some of the milk-serum proteins are also 
present in lower concentrations than in the original milk. This is due to heat 


Table 2.5 
Concentration of proteins in milk 


Conc. in milk % of total 
g/kg protein 
w/w 

Casein 

a.,, casein’) 10.0 30.6 

Q Casein’) 2.6 8.0 

B-casein**) 10.1 30.8 

«-casein 33 10.1 
Total Casein 26.0 79.5 
Whey Proteins 

a-lactalbumin 12 Soll 

B-lactoglobulin Be 9.8 

Blood Serum Albumin 0.4 12 

Immunoglobulins ONG 2.1 

Miscellaneous (including 

Proteose-Peptone) 0.8 2.4 
Total Whey Proteins 6.3 19.3 
Fat Globule Membrane Proteins 0.4 1.2 
Total Protein 32.7 100 


*) Henceforth called œ -casein 
**) Including y-casein 
Ref: Walstra & Jennis 


denaturation during pasteurisation of the milk prior to cheesemaking. The 
three main groups of proteins in milk are distinguished by their widely diffe- 
rent behaviour and form of existence. The caseins are easily precipitated «-casein molecules 
from milk in a variety of ways, while the serum proteins usually remain in 
solution. The fat-globule membrane proteins adhere, as the name implies, 
to the surface of the fat globules and are only released by mechanical ac- 
tion, e.g. by churning cream into butter. 


Protruding 
chains 


PO, group 


Casein 

Casein is a group name for the dominant class of proteins in milk. The ca- 
seins easily form polymers containing several identical or different types of 
molecules. Due to the abundance of ionisable groups and hydrophobic and 
hydrophilic sites in the casein molecule, the molecular polymers formed by 
the caseins are very special. The polymers are built up of hundreds and 
thousands of individual molecules and form a colloidal solution, which is 
what gives skimmilk its whitish-blue tinge. These molecular complexes are 
known as casein micelles. Such micelles may be as large as 0.4 microns, 


i Hydrophobic core 
and can only be seen under an electron microscope. 


Fig 2.29 Structure of a casein 
submicelle. 
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Submicelle 


Protruding 
chain 


Calcium 
phosphate 


«-casein 


Hydrophoric 
interactions 
(PO, groups) 


Fig 2.30 Buildup and stabilisation of 
casein micelles. 

Ref: A digest of models by Slattery and Evard (1973), 
Schmidt (1982) and Walstra (1990) according to Rollema 
(1992). Rollema H.S. (1992) Casein Association and Micelle 
Formation p 63-111. Elsevier Science Publications Ltd. 
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Casein micelles 
The three subgroups of casein, œ -casein, «-casein and B-casein, are all 
heterogeneous and consist of 2 — 8 genetic variants. Genetic variants of a 
protein differ from each other only by a few amino acids. The three sub- 
groups have in common the fact that one of two amino acids containing 
hydroxy groups are esterified to phosphoric acid. The phosphoric acid 
binds calcium and magnesium and some of the complex salts to form 
bonds between and within molecules. 
Casein micelles, shown in figure 2.30, consist of a complex of 
sub-micelles, figure 2.29, of a diameter of 10 to 15 nm (na- 
nometer = 10 m). The content of a-, B- and «-casein is 
heterogeneously distributed in the different micelles. 
Calcium salts of æ -casein and B-casein are al- 
most insoluble in water, while those of «-casein are 
readily soluble. Due to the dominating localisation 
of x-casein to the surface of the micelles, the 
solubility of calcium «-caseinate prevails over 
the insolubility of the other two caseins in the 
micelles, and the whole micelle is soluble as 
a colloid. (Advanced dairy chemistry. Vol.1 
Proteins. P.F. Fox) 
According to Rollema (1992), a combina- 
tion of the models of Slattery & Evard (1973), 
Schmidt (1982) and Walstra (1990) gives (1993) 
the best available illustration of how the casein mi- 
celles are built up and stabilised. 

The calcium phosphate and hydrophobic interac- 
tions between sub-micelles are responsible for the in- 
tegrity of the casein micelles. The hydrophilic C-terminal 
parts of «-casein containing a carbohydrate group project 

from the outsides of the complex micelles, giving them a 

“hairy” look, but more important, they stabilise the micelles. 
This phenomenon is basically due to the strong negative charge of carbohy- 
drates. 

The size of a micelle depends very much on the calcium ion (Ca**) con- 
tent. If calcium leaves the micelle, for instance by dialysis, the micelle will 
disintegrate into sub-micelles. A medium-sized micelle consists of about 
400 to 500 sub-micelles which are bound together as described above. 

If the hydrophilic C-terminal end of «-casien on the surfaces of micelles 
is split, e.g. by rennet, the micelles will lose their solubility and start to ag- 
gregate and form casein curd. In an intact micelle there is surplus of nega- 
tive charges, therefore they repel each other. Water molecules held by the 
hydrophilic sites of k-casein form an important part of this balance. If the 
hydrophilic sites are removed, water will start to leave the structure. This 
gives the attracting forces room to act. New bonds are formed, one of the 
salt type, where calcium is active, and the second of the hydrophobic type. 
These bonds will then enhance the expulsion of water and the structure will 
finally collapse into a dense curd. 

The micelles are adversely affected by low temperature, at which the B- 
casein chains start to dissociate and the calcium hydroxyphosphate leaves 
the micelle structure, where it existed in colloidal form, and goes into solu- 
tion. The explanation of this phenomenon is that B-casein is the most hy- 
drophobic casein and that the hydrophobic interactions are weakened 
when the temperature is lowered. These changes make the milk less suita- 
ble for cheesemaking, as they result in longer renneting time and a softer 
curd. 

B-casein is then also more easily hydrolysed by various proteases in the 
milk after leaving the micelle. Hydrolysis of B-casein to y-casein and prote- 
ose-peptones means lower yield at cheese production because the prote- 
ose-peptone fractions are lost in the whey. The breakdown of B-casein may 
also result in formation of bitter peptides, causing off-flavour problems in the 
cheese. 
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The line graph in figure 2.31 shows the approximate amount of B-casein % 
(in %) that leaves a micelle at +5°C during 20 hours storing time. 1,0 
In this context it should also be mentioned that when raw or pasteurised 
chill-stored milk is heated to 62 — 65°C for about 20 seconds, the B-casein 
and calcium hydroxyphosphate will revert to the micelle, thereby at least 
partly restoring the original properties of the milk. 


Precipitation of casein 

One characteristic property of casein is its ability to precipitate. Due to the 
complex nature of the casein molecules, and that of the micelles formed 0,5 
from them, precipitation can be caused by many different agents. It should 

be observed that there is a great difference between the optimum precipita- 

tion conditions for casein in micellar and non-micellar form, e.g. as sodium 
caseinate. The following description refers mainly to precipitation of micellar 
casein. 


Precipitation by acid 


The pH will drop if an acid is added to milk or if acid-producing bacteria are 0 10 20 h 
allowed to grow in milk. This will change the environment of the casein 
micelles in two ways. The course of events are illustrated in figure 2.32. Fig 2.31 B-casein in milk serum at +5°C. 


Firstly colloidal calcium hydroxyphosphate, present in the casein micelle, will "ef Pr B Lindquist (1980), Aria Stockholm, Sweden. 
dissolve and form ionised calcium, which will penetrate the micelle structure 
and create strong internal calcium bonds. Secondly the pH of the solution 
will approach the isoelectric points of the individual casein species. 

Both methods of action initiate a change within the micelles, starting with 
growth of the micelles through aggregation and ending with a more or less 
dense coagulum. Depending on the final value of the pH, this coagulum will 
either contain casein in the casein salt form or casein in its isoelectric state 
or both. 

The isoelectric points of the casein components depend on the ions of 
other kinds present in the solution. Theoretical values, valid under certain 
conditions, are pH 5.1 to 5.3. In salt solutions, similar to the condition of 


Note: If a large excess of acid is 
added to a given coagulum the 
casein will redissolve, forming a 
salt with the acid. If hydrochloric 
acid is used, the solution will 
contain casein hydrochloride, 


The Hecolectie partly dissociated into ions. 
Casein salts (Ex: Casein chloride) j ! Caseinates (Ex: Sodium caseinate) 
Hydratisation i : Neutralisation 
Decrease of particle size: : Increase of particle size 
Partial dissociation : + Dissociation of Ca from 
into ions » «+ the micellar complex 


Stabilisation : ‘ Destabilisation 


[le Se 
0 $ 146 5 L y the pH of normal milk, pH 6.5 — 6.7 ia 
Dehydratisation 3 i Hydratisation 
Increase of particle size : f Decrease of particle size 
Destabilisation ‘|! Stabilisation 


Lowest solubility 
Precipitation 
Isoelectric casein 


Fig. 2.32 Three simplified stages of influence on casein by an acid and alkali 
respectively. 


milk, the range for optimum precipitation is pH 4.5 to 4.9. A practical value 
for precipitation of casein from milk is pH 4.7. 

If a large excess of sodium hydroxide is added to the precipitated iso- 
electric casein, the redissolved casein will be converted into sodium casein- 
ate, partly dissociated into ions. The pH of cultured milk products is usually 
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There are two ways to make 
caseinate particles flocculate 
and coagulate: precipitation by 
acid and precipitation by en- 
zymes 


The whey proteins are: 


a-lactaloumin 
B-lactoglobulin 
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in the range of 3.9 — 4.5, which is on the acid side of the isoelectric points. 
In the manufacture of casein from skimmilk by the addition of sulphuric or 
hydrochloric acid, the pH chosen is often 4.6. 


Precipitation by enzymes 

The amino-acid chain forming the «-casein molecule consists of 169 amino 
acids. From an enzymatic point of view the bond between amino acids 105 
(ohenylalanin) and 106 (methionin) is easily accessible to many proteolytic 
enzymes. 

Some proteolytic enzymes will attack this bond and split the chain. The 
soluble amino end contains amino acids 106 to 169, which are dominated 
by polar amino acids and the carbohydrate, which give this sequence 
hydrophilic properties. This part of the «-casein molecule is called the 
glycomacro-peptide and is released into the whey in cheesemaking. 

The remaining part of the «-casein, consisting of amino acids 1 to 105, is 
insoluble and remains in the curd together with a - and B-casein. This part 
is called para-«-casein. Formerly, all the curd was said to consist of para- 
casein. 

The formation of the curd is due to the sudden removal of the hydrophilic 
macropeptides and the imbalance in intermolecular forces caused thereby. 
Bonds between hydrophobic sites start to develop and are enforced by 
calcium bonds which develop as the water molecules in the micelles start to 
leave the structure. This process is usually referred to as the phase of co- 
agulation and syneresis. 

The splitting of the 105 — 106 bond in the «-casein molecule is often 
called the primary phase of the rennet action, while the phase of coagula- 
tion and syneresis is referred to as the secondary phase. There is also a 
tertiary phase of rennet action, where the rennet attacks the casein compo- 
nents in a more general way. This occurs during cheese ripening. 

The durations of the three phases are determined mainly by pH and 
temperature. In addition the secondary phase is strongly affected by the 
calcium ion concentration and by the condition of micelles with regard to 
absence or presence of denatured milk serum proteins on the surfaces of 
the micelles. 


Whey proteins 
Whey protein is the name commonly applied to milk serum proteins. 

If the casein is removed from skimmilk by some precipitation method, 
such as the addition of mineral acid, there remains in solution a group of 
proteins which are called milk serum proteins. 

As long as they are not denatured by heat, they are not precipitated at 
their isoelectric points. They are however usually precipitated by polyelec- 
trolytes such as carboxymethyl cellulose. Technical processes for recovery 
of whey proteins often make use of such substances or of a combination of 
heat and pH adjustment. 

When milk is heated, some of the whey proteins denaturate and form 
complexes with casein, thereby decreasing the ability of the casein to be 
attacked by rennet and to bind calcium. Curd from milk heated to a high 
temperature will not release whey as ordinary cheese curd does, due to the 
smaller number of casein bridges within and between the casein molecules. 

Whey proteins in general, and a-lactalbumin in particular, have very high 
nutritional values. Their amino acid composition is very close to that which 
is regarded as a biological optimum. Whey protein derivatives are widely 
used in the food industry. 


a-lactalbumin 

This protein may be considered to be the typical whey protein. It is present 
in milk from all mammals and plays a significant part in the synthesis of 
lactose in the udder. 


B-lactoglobulin 
This protein is found only in ungulates and is the major whey protein com- 
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ponent of milk from cows. If milk is heated to over 60°C, denaturation is 
initiated where the reactivity of the sulphur-amino acid of B-lactoglobulin 
plays a prominent part. Sulphur bridges start to form between the B-lac- 
toglobulin molecules, between one B-lactoglobulin molecule and a «-casein 
molecule and between B-lactoglobulin and a-lactalbumin. At high tempera- 
tures sulphurous compounds such as hydrogen sulphide are gradually 
released. These sulphurous compounds are responsible for the “cooked” 
flavour of heat treated milk. 


Immunoglobulins and related minor proteins 

This protein group is extremely heterogeneous, and few of its members 
have been studied in detail. In the future many substances of importance 
will probably be isolated on a commercial scale from milk serum or whey. 
Lactoferrin and lactoperoxidase are substances of possible use in the phar- 
maceutical and food industries, and are now isolated from whey by a com- 
mercial process. Dr. H.Burling and associates at the R&D deparrtment of 
the Swedish Daries Associaton (SMR) in Malmö, Sweden, have developed 
a method of isolating these substances. 


Membrane proteins 

Membrane proteins are a group of proteins that form a protective layer 
around fat globules to stabilise the emulsion. Their consistency ranges from 
soft and jelly-like in some of the membrane proteins to rather tough and firm 
in others. Some of the proteins contain lipid residues and are called lipopro- 
teins. The lipids and the hydrophobic amino acids of those proteins make 
the molecules direct their hydrophobic sites towards the fat surface, while 
the less hydrophobic parts are oriented towards the water. 

Weak hydrophobic membrane proteins attack these protein layers in the 
same way, forming a gradient of hydrophobia from fat surface to water. 

The gradient of hydrophobia in such a membrane makes it an ideal place 
for adsorption for molecules of all degrees of hydrophobia. Phospholipids 
and lipolytic enzymes in particular are adsorbed within the membrane struc- 
ture. No reactions occur between the enzymes and their substrate as long 
as the structure is intact, but as soon as the structure is destroyed the en- 
zymes have an opportunity to find their substrate and start reactions. 

An example of enzymatic reaction is the lipolytic liberation of fatty acids 
when milk has been pumped cold with a faulty pump, or after homogenisa- 
tion of cold milk without pasteurisation following immediately. The fatty 
acids and some other products of this enzymatic reaction give a “rancid” 
flavour to the product. 


Denatured proteins 

As long as proteins exist in an environment with a temper- 
ature and pH within their limits of tolerance, 
they retain their biological functions. But if 
they are heated to temperatures above a 
certain maximum their structure is altered. 
They are said to be denatured, see figure 
2.33. The same thing happens if proteins are 
exposed to acids or bases, to radiation or to 
violent agitation. The proteins are denatured 
and lose their original solubility. 

When proteins are denatured, their biological activity ceases. Enzymes, a 
class of proteins whose function is to catalyse reactions, lose this ability 
when denatured. The reason is that certain bonds in the molecule are bro- 
ken, changing the structure of the protein. After a weak denaturation, pro- 
teins can sometimes revert to their original state, with restoration of their 
biological functions. 

In many cases, however, denaturation is irreversible. The proteins in a 
boiled egg, for example, cannot be restored to the raw state. 


SH 


Fig 2.33 Part of a whey protein in native 
(left) and denaturated state. 
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Addition of alkali 


Fig 2.34 If an alkali is added to acid the 
PH of the solution rises immediately — 
there is no buffering action. 


Addition of alkali 
Fig 2.35 If an alkali is added to milk the 
PH changes very slowly — there is a 
considerable buffering action in milk. 


pa 


Fig 2.36 A given enzyme will only 
split certain molecules, and only at 
certain bonds. 


The enzyme fits into a particular spot 
in the molecule chain, where it weak- 
ens the bond. 


The molecule splits. The enzyme is 
now free to attack and split another 
molecule in the same way. 


28 


Milk is a buffer solution 


Milk contains a large number of substances which can act either as weak 
acids or as weak bases, e.g. lactic acid, citric acid and phosphoric acid and 
their respective salts: lactates, citrates and phosphates. In chemistry such a 
system is called a buffer solution because, within certain limits, the pH value 
remains constant when acids or bases are added. This effect can be ex- 
plained by the characteristic qualities of the proteins. 

When milk is acidified, a large number of hydrogen ions (H+) are added. 
These ions are almost all bound to the amino groups in the side chains of 
the amino acids, forming NH,* ions. The pH value, however, is hardly affect- 
ed at all as the increase in the concentration of free hydrogen ions is very 
small. 

When a base is added to milk, the hydrogen ions (H*) in the COOH 
groups of the side chains are released, forming a COO- group. Because of 
this, the pH value remains more or less constant. The more base that is 
added, the greater the number of hydrogen ions released. 

Other milk constituents also have this ability to bind or release ions, and 
the pH value therefore changes very slowly when acids or bases are added. 
Almost all of the buffering capacity is utilised in milk that is already acid 
due to long storage at high temperatures. In such a case it takes only a 

small addition of acid to change the pH value. 


Enzymes in milk 


Enzymes are a group of proteins produced by living organisms. They have 
the ability to trigger chemical reactions and to affect the course and speed 
of such reactions. Enzymes do this without being consumed. They are 
therefore sometimes called biocatalysts. The functioning of an enzyme is 
illustrated in figure 2.36. 

The action of enzymes is specific; each type of enzyme catalyses only 
one type of reaction. 

Two factors which strongly influence enzymatic action are temperature 
and pH. As a rule enzymes are most active in an optimum temperature 
range between 25 and 50°C. Their activity drops if the temperature is in- 
creased beyond optimum, ceasing altogether somewhere between 50 and 
120°C. At these temperatures the enzymes are more or less completely 
denaturated (inactivated). The temperature of inactivation varies from one 
type of enzyme to another — a fact which has been widely utilised for the 
purpose of determining the degree of pasteurisation of milk. Enzymes also 
have their optimum pH ranges; some function best in acid solutions, others 
in an alkaline environment. 

The enzymes in milk come either from the cow’s udder or from bacteria. 
The former are normal constituents of milk and are called original enzymes. 
The latter, bacterial enzymes, vary in type and abundance according to the 
nature and size of the bacterial population. Several of the enzymes in milk 
are utilised for quality testing and control. Among the more important ones 
are peroxidase, catalase, phosphatase and lipase. 


Peroxidase 

Peroxidase transfers oxygen from hydrogen peroxide (H,O,) to other readily 
oxidisable substances. This enzyme is inactivated if the milk is heated to 
80 °C for a few seconds, a fact which can be used to prove the presence 
or absence of peroxidase in milk and thereby check whether or not a pas- 
teurisation temperature above 80 °C has been reached. This test is called 
Storch’s peroxidase test. 


Catalase 

Catalase splits hydrogen peroxide into water and free oxygen. By determin- 
ing the amount of oxygen that the enzyme can release in milk, it is possible 
to estimate the catalase content of the milk and learn whether or not the 
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milk has come from an animal with a healthy udder. Milk from diseased 
udders has a high catalase content, while fresh milk from a healthy udder 
contains only an insignificant amount. There are however many bacteria 
which produce this kind of enzyme. Catalase is destroyed by heating at 
75°C for 60 seconds. 


Phosphatase 


Phosphatase has the property of being able to split certain phos- 

phoric-acid esters into phosphoric acid and the correspond- 

ing alcohols. The presence of phosphatase in milk can be 

detected by adding a phosphoric-acid ester and a reagent a FATTY ACID 

that changes colour when it reacts with the liberated alcohol. 

A change in colour reveals that the milk contains phos- 

phatase. Phosphatase is destroyed by ordinary pasteurisa- 

tion (72°C for 15 — 20 seconds), so the phosphatase test es FATTY ACID 

can be used to determine whether the pasteurisation tem- 

perature has actually been attained. The routine test used in 

dairies is called the phosphatase test according to Scharer. 
The phosphatase test should preferably be performed FATTY ACID 

immediately after heat treatment. Failing that, the milk must 

be chilled to below + 5°C and kept at that temperature until 

analysed. The analysis should be carried out the same day, Fig 2.37 Schematic picture of fat split- 

otherwise a phenomenon known as reactivation may occur, ting by lipase enzyme. 

i.e. an inactivated enzyme becomes active again and gives a positive test 

reading. Cream is particularly susceptible in this respect. 


Lipase 

Lipase splits fat into glycerol and free fatty acids. Excess free fatty acids in 
milk and milk products result in a rancid taste. The action of this enzyme 
seems, in most cases, to be very weak, though the milk from certain cows 
may show strong lipase activity. The quantity of lipase in milk is believed to 
increase towards the end of the lactation cycle. Lipase is, to a great extent, 
inactivated by pasteurisation, but higher temperatures are required for total 
inactivation. Many micro-organisms produce lipase. This can cause serious 
problems, as the enzyme is very resistant to heat. 


Sucrose Lactose 


Lactose 
Lactose is a sugar found only in milk; it belongs to the group of organic 
chemical compounds called carbohydrates. 

Carbohydrates are the most important energy source in our diet. Bread 


and potatoes, for example, are rich in carbohydrates, and provide a reser- 
voir of nourishment. They break down into high-energy compounds which 


can take part in all biochemical reactions, where they provide the necessary 
energy. Carbohydrates also supply material for the synthesis of some impor- 


tant chemical compounds in the body. They are present in muscles as mus- 


: A : Fructose Glucose Galactose 
cle glycogen and in the liver as liver glycogen. , l 
Glycogen is an example of a carbohydrate with a very large molecular Fig 2.38 Lactose and sucrose are split 
weight. Other examples are starch and cellulose. Such composite carbohy- to galactose, glucose and fructose. 


drates are called polysaccharides and have giant molecules made up of 
many glucose molecules. In glycogen and starch the molecules are often 
branched, while in cellulose they are in the form of long, straight chains. 

Figure 2.38 shows some disaccharides, i.e. carbohydrates composed of 
two types of sugar molecules. The molecules of sucrose (ordinary cane or 
beet sugar) consist of two simple sugars (monosaccharides), fructose and 
glucose. Lactose (milk sugar) is a disaccharide, with a molecule containing 
the monosaccharides glucose and galactose. 

Table 2.3 shows that the lactose content of milk varies between 3.6 and 
5.5%. Figure 2.89 shows what happens when lactose is attacked by lactic 
acid bacteria. These bacteria contain an enzyme called lactase which at- 
tacks lactose, splitting its molecules into glucose and galactose. Other 
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Fig 2.39 Breakdown of lactose by 
enzymatic action and formation of lactic 
acid. 
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enzymes from the lactic-acid bacteria then attack the glucose and galac- 
tose, which are converted via complicated intermediary reactions into main- 
ly lactic acid. The enzymes involved in these reactions act in a certain order. 
This is what happens when milk goes sour; lactose is fermented to lactic 
acid. Other micro-organisms in the milk generate other breakdown pro- 
ducts. 

If milk is heated to a high temperature, and is kept at that temperature, it 
turns brown and acquires a caramel taste. This process is called carameli- 
sation and is the result of a chemical reaction between lactose and proteins 
called the Maillard reaction. 

Lactose is water soluble, occurring as a molecular solution in milk. In 
cheesemaking most of the lactose remains dissolved in the whey. Evapora- 
tion of whey in the manufacture of whey cheese increases the lactose con- 
centration further. Lactose is not as sweet as other sugars; it is about 30 
times less sweet than cane sugar, for example. 


Vitamins in milk 


Vitamins are organic substances which occur in very small concentrations 
in both plants and animals. They are essential to normal life processes. The 
chemical composition of vitamins is usually very complex, but that of most 
vitamins is now known. The various vitamins are designated by capital let- 
ters, sometimes followed by numerical subscripts, e.g. A, B, and B,. 

Milk contains many vitamins. Among the best known are A, B,, B,, C 
and D. Vitamins A and D are soluble in fat, or fat solvents, while the others 
are soluble in water. 

Table 2.6 lists the amounts of the different vitamins in a litre of market 
milk and the daily vitamin requirement of an adult person. The table shows 
that milk is a good source of vitamins. Lack of vitamins can result in defi- 
ciency diseases, table 2.7. 


Table 2.6 
Vitamins in milk and daily requirements 


Amount in Adult daily 
1 litre of requirement 
Vitamin milk, mg mg 
A 0.2 - 2 lo os 2 
B, 0.4 lo s= 2 
B, 1.7 2 - 4 
© 5 70 20 = 100 
D 0.002 0.01 
Table 2.7 


Vitamins deficiencies and corresponding diseases 
Vitamin A deficiency Night blindness, impaired resistance 
to infectious diseases 


Vitamin B, deficiency Stunted growth 


Vitamin B, deficiency 
Vitamin C deficiency 


Vitamin D deficiency 


Loss of appetite, indigestion 
Fatigue, pyorrhoea, susceptibility 
to infection (scurvy) 

Skeletal deformation (rickets) 
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Minerals and salts in milk 


Milk contains a number of minerals. The total concentration is less than 1%. 
Mineral salts occur in solution in milk serum or in casein compounds. The 
most important salts are those of calcium, sodium, potassium and magne- 
sium. They occur as phosphates, chlorides, citrates and caseinates. Potas- 
sium and calcium salts are the most abundant in normal milk. The amounts 
of salts present are not constant. Towards the end of lactation, and even 
more so in the case of udder disease, the sodium chloride content increas- 
es and gives the milk a salty taste, while the amounts of other salts are 
correspondingly reduced. 


Other constituents of milk 


Milk always contains somatic cells (white blood corpuscles or leucocytes). 
The content is low in milk from a healthy udder, but increases if the udder is 
diseased, usually in proportion to the severity of the disease. The somatic 
cell content of milk from healthy animals is as a rule lower than 200 000 
cells/ml, but counts of up to 400 000 cells/ml can be accepted. 

Milk also contains gases, some 5 — 6 % by volume in milk fresh from the 
udder, but on arrival at the dairy the gas content may be as high as 10 % by 
volume. The gases consist mostly of carbon dioxide, nitrogen and oxygen. 
They exist in the milk in three states: 

1 dissolved in the milk 

2 bound and non-separable from the milk 

3 dispersed in the milk 

Dispersed and dissolved gases are a serious problem in the processing of 
milk, which is liable to burn on to heating surfaces if it contains too much 
gas. 


Changes in milk and its constituents 


Changes during storage 

The fat and protein in milk may undergo chemical changes during storage. 
These changes are normally of two kinds: oxidation and lipolysis. The result- 
ing reaction products can cause off-flavours, principally in milk and butter. 


Oxidation of fat 
Oxidation of fat results in a metallic flavour, whilst it gives butter an oily, 
tallowy taste. Oxidation occurs at the double bonds of the unsaturated fatty 
acids, those of lecithin being the most susceptible to attack. The presence 
of iron and copper salts accelerates the onset of auto-oxidation and devel- 
opment of metallic flavour, as does the presence of dissolved oxygen and 
exposure to light, especially direct sunlight or light from fluorescent tubes. 
Oxidation of fat can be partly counteracted by micro-organisms in the 
milk, by pasteurisation at a temperature above 80°C or by antioxidant addi- 
tives (reducing agents) such as DGA, dodecyl gallate. The maximum DGA 
dosage is 0.00005%. Micro-organisms such as 
lactic-acid bacteria consume oxygen and have 


It generally is assumed that 
oxygen molecules in singlet 
state ('0,) can oxidise a CH- 
group directly while shifting the 
double bond and forming a 
hydroperoxide according the 
formula: 


a reducing effect. Oxidation off-flavour is more 1O + -CH = CH- CH; ——> -CHOOH - CH = CH - 


liable to occur at low temperatures, because 

these bacteria are less active then. The solubili- 

ty of oxygen in milk is also higher at low temperatures. High-temperature 
pasteurisation helps, as reducing compounds, (SH) groups, are formed 
when milk is heated. 

The metallic oxidation off-flavour is more common in winter than in sum- 
mer. This is partly due to the lower ambient temperature and partly to diffe- 
rences in the cows’ diet. Summer feed is richer in vitamins A and C, which 
increase the amount of reducing substances in the milk. 
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cream plug 
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Average of some practical experiments 
= æ= === Tests in a laboratory pasteuriser 


Fig. 2.40 Cream plug formation in milk 
as a function of pasteurisation tempera- 
ture. Scale from O (no effect) to 4 (solid 
cream plug). All pasteurisation was 
short-time (about 15 s). 

Ref: Thomé & al. 
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In the presence of light and/or heavy metal ions, the fatty acids are fur- 
ther broken down in steps into aldehydes and ketones, which give rise to 
off-flavours such as oxidation rancidity in fat dairy products. 

The above strongly simplified course of events at oxidation (really auto- 
oxidation) of unsaturated fatty acids is taken from "Dairy Chemistry and 
Physics" by P. Walstra and R. Jennis. 


Oxidation of protein 

When exposed to light the amino acid methionine is degraded to methional 
by a complicated participation of riboflavin ( Vitamin B,) and ascorbic acid 
(Vitamin C). Methional or 3-mercapto-methylpropionaldehyde is the princi- 
pal contributor to sunlight flavour, as this particular flavour is called. 

Since methionine does not exist as such in milk but as one of the com- 
ponents of the milk proteins, fragmentation of the proteins must occur inci- 
dental to development of the off-flavour. 

Factors related to sunlight flavour development are: 

e Intensity of light (Sunlight and/or artificial light, 
especially from fluorescent tubes). 

e Duration of exposure. 

e Certain properties of the milk — homogenised milk has turned out 
to be more sensitive than non-homogenised milk. 

e Nature of package - opaque packages such as plastic and 

paper give good protection under normal conditions. 

See also Chapter 8 concerning maintnance of the quality of pasteurised 

milk. 


Lipolysis 

The breakdown of fat into glycerol and free fatty acids is called /ipolysis. 
Lipolysed fat has a rancid taste and smell, caused by the presence of low- 
molecular free fatty acids (butyric and caproic acid). 

Lipolysis is caused by the action of lipases and is encouraged by high 
storage temperatures. But lipase cannot act unless the fat globules have 
been damaged so that the fat is exposed. Only then can the lipase attack 
and hydrolyse the fat molecules. In normal dairying routine there are many 
opportunities for the fat globules to be damaged, e.g. by pumping, stirring 
and splashing. Undue agitation of unpasteurised milk should therefore be 
avoided, as this may involve the risk of widespread lipase action with the 
liberation of fatty acids that make the milk taste rancid. To prevent lipase 
from degrading the fat it must be inactivated by high-temperature pasteuri- 
sation. This completely destroys the original enzymes. Bacterial enzymes 
are more resistant. Not even UHT treatment can destroy them entirely. (UHT 
= Ultra High Temperature, i.e. heating to 135 — 150°C or more for a few 
seconds.) 


Effects of heat treatment 


Milk is heat treated at the dairy to kill any pathogenic micro- 

organisms that may be present. Heat treatment also causes changes in the 
constituents of the milk. The higher the temperature and the longer the 
exposure to heat, the greater the changes. Within certain limits, time and 
temperature can be balanced against each other. Brief heating to a high 
temperature can have the same effect as longer exposure to a lower tem- 
perature. Both time and temperature must therefore always be considered 
in connection with heat treatment. 


Fat 

It has been shown (Thomé & al, Milchwissenschaft 13, 115, 1958) that 
when milk is pasteurised at 70 — 80°C for 15 seconds, the cream plug phe- 
nomenon is already evident at 74°C (see figure 2.40). Various theories have 
been discussed, but it appears that liberated free fat cements the fat glob- 
ules when they collide. Homogenisation is recommended to avoid cream 
plug formation. 
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A. Fink and H.G. Kessler (Milchwissenschaft 40, 6-7, 1985) have shown 
that free fat leaks out of the globules in cream with 30% fat, unhomoge- 
nised as well as homogenised, when it is heated to temperatures between 
105 and 135°C. This is believed to be caused by destabilisation of the glob- 
ule membranes resulting in increased permability, as a result of which the 
extractable free fat acts as a cement between colliding fat globules and 
produces stable clusters. 

Above 135°C the proteins deposited on the fat globule membrane form Membrane 
a network which makes the membrane denser and less permeable. Ho- intact. No Lipolysis. 
mogenisation downstream of the steriliser is therefore recommended in 
UHT treatment of products with a high fat content. 


Protein 
The major protein, casein, is not considered denaturable by heat 
within normal ranges of pH, salt and protein content. 

Whey proteins, on the other hand, particularly B-lactoglobu- Damaged membrane. 
lin which makes up about 50% of the whey proteins, are fairly Lipolysis of fat releases 
heat sensitive. Denaturation begins at 65°C and is almost fatty acids. 
total when whey proteins are heated to 90°C for 5 min- f 
utes. 

Whey protein heat denaturation is an irreversible reac- 
tion. The randomly coiled proteins "open op", and B-lac- 
toglobulin in particular is bound to the «-casein fraction by 
sulphur bridges. The strongly generalised transformation is 
shown in figure 2.42. 

Blockage of a large proportion of the «-casein interferes 


with the renneting ability of the milk, because the rennet Fig 2.41 When fat globule membranes 
used in cheesemaking assists in splitting the casein micelles at are damaged, lipolysis can release fatty 
the «-casein locations. The higher the pasteurisation temperature at con- acids. 


stant holding time, the softer the coagulum; this is an undesirable pheno- 
menon in production of semi-hard and hard types of cheese. Milk intended 
for cheesemaking should therefore not be pasteurised, or at any rate not at 
higher temperatures than 72°C for 15 — 20 seconds. 

In milk intended for cultured milk products (yoghurt, etc.), the whey pro- 
tein denaturation and interaction with casein obtained at 90 - 95°C for 3 - 5 
minutes will contribute to improved quality in the form of reduced syneresis 
and improved viscosity. 

Milk heated at 75°C for 20 — 60 seconds will start to smell and taste 
“cooked”. This is due to release of sulphurous compounds from B-lac- 
toglobulin and other sulphur-containing proteins. 


Casein micelles Denaturated e 
(B-lactoglobulin) S- 
1 
: Sulphur 
Whey proteins bridges 


(B-lactoglobulin) 


Me S SD 4 4 


; 
H- 
© 


Fig. 2.42 During denaturation k-casein 
adheres to B-lactoglobulin. 


Enzymes 
Enzymes can be inactivated by heating. The temperature of inactivation 
varies according to the type of enzyme. 
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At temperatures above 100°C 
a reaction takes place between 
lactose and protein, resulting in 
a brownish colour. 
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There are some bacteria, Pseudomonas spp, (spp = species) nowadays 
very often cited among the spoilage flora of both raw cold-stored milk and 
heat treated milk products, that have extremely heat-resistant proteolytic 
and lipolytic enzymes. Only a fraction of their activity is inhibited by pasteuri- 
sation or UHT treatment of the milk. 


Lactose 

Lactose undergoes changes more readily in milk than in the dry state. At 
temperatures above 100 °C a reaction takes place between lactose and 
protein, resulting in a brownish colour. The series of reactions, occuring 
between amino groups of amino acid residues and aldehyde groups from 
milk carbohydrates, is called the Maillard reaction or browning reaction. It 
results in a browning of the product and a change of flavour as well as loss 
in nutritional value, particularly loss of lysine, one of the essential amino 
acids. 

It appears that pasteurised, UHT and sterilised milks can be differenti- 
ated by their lactulose content. Lactulose is an epimer of lactose formed in 
heated milks (Adachi, 1958). It is thought to be formed by the free amino 
groups of casein (Adachi & Patton, 1961; Richards & Chandrasekhara, 
1960) Martinez Castro & Olano, 1982, and Geier & Klostermeyer, 1983, 
showed that pasteruised, UHT and sterilised milks contain different levels of 
lactulose. The lactulose content thus increases with increased intensity of 
the heat treatment. 


Vitamins 

Vitamin C is the vitamin most sensitive to heat, especially in the presence of 
air and certain metals. Pasteurisation in a plate heat exchanger can how- 
ever, be accomplished with virtually no loss of vitamin C. The other vitamins 
in milk suffer little or no harm from moderate heating. 


Minerals 

Of the minerals in milk only the important calcium hydroxyphosphate in the 
casein micelles is affected by heating. When heated above 75°C the sub- 
stance loses water and forms insoluble calcium orthophosphate, which 
impairs the cheesemaking properties of the milk. The degree of heat treat- 
ment must be carefully chosen. 


Physical properties of milk 


Appearance 


The opacity of milk is due to its content of suspended particles of fat, pro- 
teins and certain minerals. The colour varies from white to yellow according 
to the coloration (carotene content) of the fat. Skimmilk is more transparent, 
with a slightly bluish tinge. 


Density 


The density of cows’ milk normally varies between 1.028 and 1.038 g/cm? 
depending on the composition. 

The density of milk at 15.5 °C can be calculated according to following 
formula: 


100 


ess = = N g/cm? 
E ——— + Watt 
(see aes 2 
F S oiei 
SNF = % Solids Non Fat 
Water% = 100- F -SNF 
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Example: Milk of 3.2 % fat and 8.5 % SNF 
d 15.5°C = L = 1.0306 g/cm? 


g2 , 85 (00-32-85) 
0.93 1.608 


Osmotic pressure 
Osmotic pressure is controlled by the number of molecules or particles, not 
the weight of solute; thus 100 molecules of size 10 will have 10 times the 
osmotic pressure of 10 molecules of size 100. 

It follows that for a given weight, the smaller the molecules the higher the 
osmotic pressure. 
Milk is formed from blood, the two being separated by a permeable mem- 


Table 2.8 
Osmotic pressure in milk 


Constituent Molecular Normal Osmotic D % of total 
weight conc. pressure °C osmotic 
% atm pressure 
Lactose 342 4.7 3.03 0.25 46 
Chlorides, NaCl 58.5 Onl ESS 0.11 19 
Other salts, etc. - — 2A 0.20 35 
Total 6.78 0.560 100 


Ref: A Dictionary of Daiyring, J.G. Davis. 


brane, hence they have the same osmotic pressure, or in other words, milk 
is isotonic with blood. The osmotic pressure of blood is remarkably con- 
stant although the composition, as far as pigment, protein etc., are con- 
cerned, may vary. The same condition applies to milk, the total osmotic 
pressure being made up as in Table 2.8. 


Freezing point 

The freezing point of milk is the only reliable parameter to check for adulter- 
ation with water. The freezing point of milk from individual cows has been 
found to vary from -0.54 to -0.59°C. 

In this context it should also be mentioned that when milk is exposed to 
high temperature treatment (UHT treatment or sterilisation), precipitation of 
some phosphates will cause the freezing point to rise. 

The internal or osmotic pressure also defines the difference in freezing 
point between the solution and the solvent (water) so that the freezing-point 
depression (D in table 2.8) is a measure of this osmotic pressure. When the 
composition of milk alters due to physiological or pathological causes (e.g. 
late lactation and mastitis respectively), it is termed abnormal milk, but the 
osmotic pressure and hence the freezing-point remains constant. The most 
important change is a fall in lactose content and a rise in chloride content. 


Acidity 
The acidity of a solution depends on the concentration of hydronium ions 
[H+] in it. When the concentrations of [H+] and [OH] (hydroxyl) ions are 
equal, the solution is called neutral. In a neutral solution the number 
of [H+] per liter of the solution is 1:10 000 000 g or 107. 

pH represents the hydronium ion concentration of a solution and can 
mathematically be defined as the negative logarithm of the hydronium ion 
[H*] concentration. 
pH = - log [H*] 
Applied to the example above, the pH is pH = - log 10°” = 7 
which is the typical value of a neutral solution. When [H+] is 1:100 000 g/l or 
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Sodium hydroxide 
solution (NaOH) 


Concentration N/10 
(0.1N). The amount of 
N/10 NaOH added is 
read when the sample 
changes from colour- 
less to red. 


i phtalein (5%). 


Fig 2.43 Determination of acidity in 
Thörner degrees, °Th. 


Table 2.9 
Acidity is often expressed in 
one of these ways 


°SH °Th °D % l.a. 


1 2.5 2.25 0.0225 
0.4 1 090009 
4/9 10/9 1 0.01 


% composition by weight 
12 


5 6 7 
days after parturition 


Fig 2.44 Changes in the composition of 
cows’ milk after parturition. 
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5 drops of phenol- 


10-6, the pH is 6 and the solution is acid. Thus the lower the exponent, the 
higher the acidity. 
The PH value of a solution or product represents the present (true) acidi- 
ty. Normal milk is a slightly acid solution with a pH falling between 6.5 and 
6.7 with 6.6 the most usual value. Temperature of measurement near 
25°C. The pH is checked with a pH-meter. 


Titratable acidity 


Acidity can also be expressed as the titrable acidity. The titrable acidity of 
milk is the amount of a hydroxyl ion (OH) solution of a given strength 
needed to increase the pH of a given amount of milk to a pH of about 
8.4, the pH at which the normally used indicator, phenolphtalein, 
changes colour from colourless to pink. What this test really does is to 


7 find out how much alkali is needed to change the pH from 6.6 to 8.4. 
10 mi milk sample 


If milk sours on account of bacterial activity, an increased quantity of 


20 ml distilled water alkali is required and so the acidity or titration value of the milk increas- 


es 


The titratable acidity can be expressed in various values basically as 
a result of the strength of the sodium hydroxide (NaOH) needed at 

titration. 

°SH = Soxhlet Henkel degrees, obtained by titrating 100 ml of milk with 
N/4 NaOH , using phenolphtalein as the indicator. Normal milks give values 
about 7. This method is mostly used in Central Europe. 

°Th = Thörner degrees, obtained by titrating 100 ml of milk, thinned with 
2 parts of distilled water, with N/10 NaOH, using phenolphtalein as the 
indicator. Normal milks give values about 17. Mostly used in Sweden and 
the CIS. 

°D = Dornic degrees, obtained by titrating 100 ml of milk with N/9 
NaOH, using phenolphtalein as the indicator. Normal milks give values 
about 15. Mostly used in the Netherlands and France. 

% l.a. = per cent lactic acid, obtained as °D with the result divided by 
100. Frequently used in the UK, USA, Canada, Australia and New Zealand. 

In table 2.9 the various expressions for the titratable acidity are com- 


bined. The determination of acidity according to Thörner degrees is visual- 
ised in figure 2.48. 


Example: 


1.7 ml of N/10 NaOH are required for titration of a 10 ml sample of milk. 


10x 1.7 = 17 ml would therefore be needed for 100 ml, and the acidity 
of the milk is consequently 17 °Th. 


Colostrum 


The first milk that a cow produces after calving is called colostrum. It differs 
greatly from normal milk in composition and properties. One highly distinc- 
tive characteristic is the high content of whey proteins — about 11% com- 
pared to about 0.65% in normal milk, as shown in figure 2.44. This results in 
colostrum coagulating when heated. A fairly large proportion of whey pro- 
tein is immunoglobulins (Ig G, dominating in colostrum), which protect the 
calf from infection until its own immunity system has been established. 
Colostrum has brownish-yellow colour, a peculiar smell and a rather salty 
taste. The content of catalase and peroxidase is high. Four to five days after 


calving the cow begins to produce milk of normal composition, which can 
be mixed with other milk. 
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Chapter 3 


Rheology 


Several important factors need to be taken into consideration in the de- 
sign of food processing plants in order to assure the quality of the end 
products. One of them is the question of rheology. 

In the dairy industry, in particular, there are cream and cultured milk 
products whose characteristics can be partially or completely spoiled if 
their flow behaviour is not understood. What follows here is a brief guide 
to the flow behavior of some typical dairy industry products. 
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Definition 
Rheology is defined as the science of deformation and flow of matter. The 
term itself originates from Greek rheos meaning to flow. Rheology is appli- 
cable to all types of materials, from gases to solids. 

The science of rheology is young, only about 70 years of age, but its 
history is very old. In the book of Judges in the Old Testament the prophet- 


Rheology is defined as the ess Deborah declared “The mountains flowed before the Lord...”. Translat- 
science of deformation and ed into rheological terms by professor M. Reiner, this expression means 
flow of matter. everything flows if you just wait long enough, a statement that is certainly 


applicable to rheology. It was also described by the Greek philosopher 
Heraclitus as “panta rei” - everything flows. Professor Reiner, together with 
Professor E. Bingham, was the founder of the science of rheology in the 
mid-20s. 

Rheology is used in food science to define the consistency of different 
products. Rheologically the consistency is described by two components, 
the viscosity (“thickness”, lack of slipperiness) and the elasticity (“sticki- 
ness”, structure). In practice, therefore, rheology stands for viscosity meas- 
urements, characterisation of flow behaviour and determination of material 
structure. Basic knowledge of these subjects is essential in process design 
and product quality evaluation. 


Characterisation of materials 


One of the main issues of rheology is the definition and classification of 
materials. Normal glass, for instance, is usually defined as a solid material, 
but if the thickness of an old church window is measured from top to bot- 
tom a difference will be noted. Glass does in fact flow like a liquid, albeit 
very slowly. 

One way of characterising a material is by its relaxation time, i.e. the time 
required to reduce a stress in the material by flow. Typical magnitudes of 
relaxation times for materials are: 


Gases <10® seconds 
Liquids 10® —- 10? seconds 
Solids >10? seconds 


Another way of defining materials rheologically is by the terms viscous, 
elastic or viscoelastic. Gases and liquids are normally described as viscous 
fluids. An ideal viscous fluid is unable to store any deformation energy. 
Hence it is irreversibly deformed when subjected to stress; it flows and the 
deformation energy is dissipated as heat, resulting in a rise of temperature. 


104 


6 
Fig. 3.1 Curves showing the differences between viscous, Le 
viscoelastic and elastic materials when subjected to deformation. Time of applied deformation in seconds 
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Solids, on the other hand, are normally described as elastic materials. An 
ideal elastic material stores all imposed deformation energy and will conse- 
quently recover totally upon release of stress. A viscous fluid can therefore 
be described as a fluid which resists the act of deformation rather than the 
state of deformation, while an elastic material resists the act as well as the 
state of deformation. 

A number of materials show viscous as well as elastic properties, i.e. 
they store some of the deformation energy in their structure while some is 
lost by flow. These materials are called viscoelastic; there are many exam- 
ples among foodstuffs. 


Shearing 


In rheology, shearing of a substance is the key to knowledge of flow behav- 
iour and structure. A sheared flow is achieved through flow between parallel 
planes, rotational flow between coaxial cylinders where one cylinder is sta- 
tionary and the other one is rotating, telescopic flow through capillaries and 
pipes, and torsional flow between parallel plates. 

To enable study of the viscosity of a material, the shearing must induce 
stationary flow of the material. The flow occurs through rearrangement and 
deformation of particles and through breaking of bonds in the structure of 
the material. 


Shear stress is defined as 


Ga ES [Pa] 


ES Fore N 
A = Area, m? 


shear rate as 


a wg 


dt dy 


Fig. 3.2 Different types of shearing. 
and apparent viscosity of a 


If we want to study the elasticity (structure) of a material, the shearing fluid as 
must be very gentle so as not to destroy the structure. One way to achieve Na = enh [Pas] 
this is to apply an oscillating shear to the material with an amplitude low 
enough to allow an unbroken structure to be studied. 
Shearing between parallel planes is normally used for the basic definition 
of shear stress and shear rate, corresponding to how much deformation is 
applied to the material and how fast. 


Newtonian fluids 


Newtonian fluids are those having a constant viscosity de- 
pendent on temperature but independent of the applied 
shear rate. One can also say that Newtonian fluids have 
direct proportionality between shear stress and shear rate in 
laminar flow. 


The proportionality constant is thus equal to the viscosity of Fig. 3.3 Definition of shear stress and shear rate is 


the material. The flow curve, which is a plot of shear stress based on shearing between parallel planes. 
versus shear rate, will therefore be a straight line with slope 

n for a Newtonian fluid. The viscosity curve, which is a plot of 

viscosity versus shear rate, will show a straight line at a con- 

stant value equal to n. 
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Fig. 3.4 Flow curves for Newtonian and 


non-Newtonian fluids. 
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Fig. 3.5 Viscosity curves for 


Newtonian and non-Newtonian fluids. 
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Fig. 3.6 Flow curves for time- 
dependant non-Newtonian fluids. 
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A Newtonian fluid can therefore be defined by a single viscosity value at 
a specified temperature. Water, mineral and vegetable oils and pure sucrose 
solutions are examples of Newtonian fluids. Low-concentration liquids in 
general, such as whole milk and skimmilk, may for practical purposes be 
characterised as Newtonian fluids. 


Non-Newtonian fluids 


Materials which cannot be defined by a single viscosity value at a specified 
temperature are called non-Newtonian. The viscosity of these materials 
must always be stated together with a corresponding temperature and 
shear rate. If the shear rate is changed the viscosity will also change. Gener- 
ally speaking, high concentration and low temperature induce or increase 
non-Newtonian behaviour. 

Apart from being shear rate dependent, the viscosity of non-Newtonian 
fluids may also be time dependent, in which case the viscosity is a function 
not only of the magnitude of the shear rate but also of the duration and, in 
most cases, of the frequency of successive applications of shear. Non- 
Newtonian materials that are time independent are defined as shear thin- 
ning, shear thickening or plastic. Non-Newtonian materials that are time 
dependent are defined as thixotropic, rheopectic or anti-thixotropic. 


Shear thinning flow behaviour 


The viscosity of a shear thinning fluid (Sometimes also denoted pseudoplas- 
tic fluid) decreases with increasing shear rate. Many liquid food systems 
belong to this category of fluids. The shear rate dependency of the viscosity 
can differ substantially between different products, and also for a given 
liquid, depending on temperature and concentration. The reason for shear 
thinning flow behaviour is that an increased shear rate deforms and/or rear- 
ranges particles, resulting in lower flow resistance and consequently lower 
viscosity. 

Typical examples of shear thinning fluids are cream, juice concentrates, 
shampoo and salad dressings. It should be noted that although sucrose 
solutions show Newtonian behaviour independent of concentration, fruit 
juice concentrates are always significantly non-Newtonian. 


Shear thickening flow behaviour 

The viscosity of a shear thickening fluid increases with increasing shear rate. 
This type of flow behaviour is generally found among suspensions of very 
high concentration. A shear thickening fluid exhibits dilatant flow behaviour, 
i.e. the solvent acts as a lubricant between suspended particles at low 
shear rates but is squeezed out at higher shear rates, resulting in denser 
packing of the particles. Typical examples of shear thickening systems are 
wet sand and concentrated starch suspensions. 


Plastic flow behaviour 
A fluid which exhibits a yield stress is called a plastic fluid. The practical 
result of this type of flow behaviour is that a significant force must be ap- 
plied before the material starts to flow like a liquid (often referred to as the 
ketchup effect). If the force applied is smaller than the force corresponding 
to the yield stress, the material stores the deformation energy, i.e. shows 
elastic properties, and hence behaves as a solid. Once the yield stress is 
exceeded, the liquid can flow like a Newtonian liquid and be described as a 
Bingham plastic liquid, or it can flow like a shear thinning liquid and be de- 
scribed as a viscoplastic liquid. 

Typical plastic fluids are quarg, tomato paste, toothpaste, hand cream, 
certain ketchups and greases. 


Thixotropic flow behaviour 


A thixotropic fluid can be described as a shear thinning system where the 
viscosity decreases not only with increasing shear rate but also with time at 
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a constant shear rate. Thixotropic flow behaviour is normally studied in a 
loop test. In this test the material is subjected to increasing shear rates 
followed by the same shear rates in decreasing order. The time-dependent 
thixotropic flow behaviour is seen from the difference between the ascend- 
ing and descending viscosity and shear stress curves. To recover its struc- 
ture, the material must rest for a certain period of time which is characteris- 
tic for the specific material. This type of flow behaviour is shown by all gel- Viscosity N 
forming systems. Typical examples of thixotropic fluids are yoghurt, mayon- 
naise, margarine, ice cream and brush paint. 


Rheopectic flow behaviour 


A rheopectic fluid can be described as a thixotropic fluid but with the impor- 
tant difference that the structure of the fluid will only recover completely if 
subjected to a small shear rate. This means that a rheopectic fluid will not 
rebuild its structure at rest. 


Anti-thixotropic flow behaviour 

An anti-thixotropic fluid can be described as a shear thickening system, i.e. 

one where the viscosity increases with increasing shear rate, but also with 

time at a constant shear rate. As with thixotropic fluids, the flow behaviour 

is illustrated by a loop test. This type of flow behaviour is very uncommon racer 

among foodstuffs. Fig. 3.7 Viscosity curves for time- 
dependant non-Newtonian fluids. 


Flow behaviour models 


Several models are available for mathematical description of the flow behav- 
iour of non-Newtonian systems. Examples of such models are Ostwald, 
Herschel-Bulkley, Steiger-Ory, Bingham, Ellis and Eyring. These models 
relate the shear stress of a fluid to the shear rate, thus enabling the appar- 
ent viscosity to be calculated, as always, as the ratio between shear stress 
and shear rate. 


Power law equation 
By far the most general model is the Herschel-Bulkley model, also called 
the generalised power law equation, which in principle is an extended Ost- 
wald model. The main benefit of the generalised power law equation is its 
applicability to a great number of non-Newtonian fluids over a wide range of 
shear rates. Furthermore, the power law equation lends itself readily to 
mathematical treatment, for instance in pressure drop and heat transfer 
calculations. 

The generalised power law equation is applicable to plastic as well as 
shear thinning and shear thickening fluids according to the following: 


log 


log O 
Shear stress ‘ 
- viscosity 


(0-0) = K-¥ 


where 

o = shear stress, Pa 

6, = yield stress, Pa 

K = consistency coefficient, Pas” 
shear rate, sq 


flow behaviour index, dimensionless Shear 
rate logy 


Fig. 3.8 Flow and viscosity curves for a 
shear thinning power law fluid. 


Suitable modification of the generalised power law equation makes it possi- 
ble to rewrite it to express each type of flow behaviour. 

For Newtonian fluids the power law equation looks like this: (K = n and 
n= 1): 


o=K-y=n-¥ 
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For a plastic fluid the power law equation is used in the fully generalised 
form, with n < 1 for viscoplastic behaviour and n = 1 for Bingham plastic 
behaviour. 

For a shear thinning or shear thickening fluid the power law equation 
becomes: 


o =K-y 


with n < 1 and n > 1, respectively. 

For time-dependent fluids, which in practice means thixotropic fluids, the 
mathematical models required for description of rheological behaviour are 
generally far more complex than the models discussed so far. These fluids 
are therefore often described by time-independent process viscosities nor- 
mally fitted to the power law equation. 


Typical data 
Some typical data on shear rates, viscosities, power law constants (n and K 


values), and yield stress values at around room temperature (with the ex- 
ception of molten polymers and molten glass), are: 


Shear rates sedimentation 10° - 10% st 
chewing 1C = 10S 
stirring 10' - 10° s" 
pumping 10? = 10? = 
spraying 10° = 104 s7 
rubbing 10 = 10" st 
Viscosities air 105 Pas 
water 10° Pas 
olive oil 107 Pas 
glycerol 10° Pas 
syrup 10? Pas 
molten polymers 10° Pas 
molten glass 10’ Pas 
glass 10 Pas 
n and K values fruit concentrate n=0.7 K = 2 Pas” 
molten chocolate n=0.5 K = 50 Pas” 
sour milk n=03 K= 3 Pas” 
quarg mos Kas 4 Pes 
apple puree MENG KE OM Ras! 
tomato paste MEDA ke 70) Pes 
grease n=0.1 K =1000 Pas" 
Yield stress ketchup 14 Pa 
mustard 38 Pa 


mayonnaise 85 Pa 


The unit of viscosity is Pas (Pascal second), which is equal to 1000 mPas or 
1000 cP (centipoise). Please note also that all viscosity figures should be 
regarded as examples only (around room temperature) and should NOT be 
used for calculations. 


Measuring equipment 


The main types of viscometers are rotational and capillary. Rotational vis- 
cometers are of spindle, cone-plate, plate-plate or concentric cylinder type. 
The last-named may be of Searle (rotating bob) or Couette (rotating cup) 
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type. Capillary viscometers may be of atmospheric or pressurised type. 
Generally speaking, rotational viscometers are easier to use and more flexi- 
ble than capillary viscometers. On the other hand, capillary viscometers are 
more accurate at low viscosities and at high shear rates. 

Measurement of non-Newtonian fluids requires instruments where the 
applied shear rate is accurately defined, i.e. where the shearing takes place 
in a narrow gap with a small shear rate gradient. This fundamental require- 
ment excludes viscometers where the gap is too big or even undefined, as 
it is in viscometers of spindle type. 

It must be strongly emphasised that viscosity measurements of non- 
Newtonian fluids carried out at undefined or out-of-range shear rates should 
not be used as a basis for quantitative analysis of viscosity figures or rheo- 
logical parameters. 

Rotational viscometers are available as portable as well as stationary 
instruments. Portable types usually come in a shock-proof case equipped 
with all necessary accessories. They are basically manually operated, al- 
though some manufacturers provide connections for use with personal 
computers. 

Stationary installations nowadays are normally computer controlled for 
automation of measuring sequences and data evaluation. The software 
usually includes possible fitting to a number of rheological models, plotting 
of flow curves, etc. 

A rotational viscometer is normally insufficient for carrying out a complete =e 
rheological analysis, for instance determination of structure break-down in Double cone - plate Cone — plate 
yoghurt. This type of analysis requires a more sophisticated instrument, 
generally called a rheometer. With a rheometer, operating with torsional 
vibration or oscillation rather than rotation, the fluid can be rheologically 
analysed without its structure being destroyed. Typical applications are 


Spindle type 


viscoelastic fluids, for which a rheometer can be used to determine the Plate — plate Cone - cone 
viscous and elastic properties of the fluid separately. 
Ordinary viscometers and rheometers should not be used for measure- Fig. 3.9 Operating principles of different 


ment of substances with very high viscosities, such as butter, cheese, vege- types of viscometer. 
table fats, etc. Certain types of penetrometers are available instead, but 

these cannot be used to obtain scientific rheological results; a penetrometer 

gives only empirical information. 


Measuring techniques 


Viscosity measurements should always be carried out for a repre- 
sentative range of shear rates and temperatures related to the 
process to be studied. The intended use of the measured data 
should therefore be considered before measuring takes place, for 
instance if the viscosity data are to be used in the design of a deep 
cooler or of the heating section of a steriliser. 

It is also most important that the temperature is kept constant 
during the test period and, of course, that it is accurately meas- 
ured. A temperature change of 3 degrees Celsius can often cause 
a change in viscosity of at least 10 per cent. 

To increase the accuracy of data evaluation, measurements 
should be made at as many different shear rates and temperatures 
as possible. 

In addition, heating effects must be considered. In a substance 
containing warm-swelling starch, for example, the viscosities be- 


fore and after heating above swelling temperature will differ signifi- d1 o2" gs BT TET ob tee) 
cantly. 
Furthermore, storage conditions and time factors must be taken G' = elastic modulus 
into consideration. The rheological properties of many products n = ea — 
change with time, and if the purpose of the viscosity measurement O O 
à ; n' = dynamic viscosity 
is to supply data for process design, the measurements should 
preferably be made in as close connection as possible to the actu- 
al processing stage. Fig. 3.10 Example of the result of a 
rheological analysis. 
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The parameters are: 


Q = flow rate m°/s 
r = duct radius m 
Ap = pressure drop Pa 
L = tube length m 
¥,, = wall shear rate om 


n = flow behaviour index 
K = consistency coefficient Pas" 


The new parameters are: 
Ww duct width m 
h duct height m 
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Pressure drop calculations 


Some useful equations are given below for manual calculation of pressure 
drop and shear rates for laminar flow in circular and rectangular ducts. All 
the equations are based on the power law expression presented earlier in 
this chapter, as most food systems in processing conditions can be de- 
scribed by this expression. 

The equations are applicable to Newtonian as well as non-Newtonian 
fluids depending on the value of n used in the calculation: n<1 for shear 
thinning (pPseudoplastic) fluids, n=1 for Newtonian fluids, and n>1 for shear 
thickening (dilatant) fluids. 


Circular ducts 


The relationship between flow rate and pressure drop and between flow 
rate and wall shear rate in a circular duct is described as follows: 


F fray = ee 
3-n+1 2K 


1/n 


or 


and 


Rectangular ducts 


The corresponding equations for rectangular ducts are as follows: 


1/n 
oy | en ea ees 
4-n+2 2 EK 


n n 
4-n+2 Q 2- E-K 
Ap = 
n w: h? h 
Y, = Zine i Q 
aa n w- h? 
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Chapter 4 


Micro-organisms 


The science of micro-organisms is called microbiology. Microbiology 
actually means the study of small living things. 


Some milestones of microbiological history 

A. van Leeuwenhoek, 1632 — 1723, a self-taught Dutchman, constructed 
the microscope with which he could observe bacteria. Leeuwenhoek has 
been called the “father of microscopy”. 

L. Pasteur, 1822 — 1895, the French chemist, invented the heat treatment 
method that is now called pasteurisation. 

R. Koch, 1843 — 1910, the German physician and Nobel Prize winner for Louis Pasteur, 
medicine, 1905, discovered pathogenic (disease producing) bacteria such the inventor of pasteurisation 
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Fig. 4.1 Micro-organisms can be found 
everywhere ... in the air... in the soil... 


and in water. 
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as the tubercle bacillus and cholera bacterium. In addition, he devised in- 
geniously simple methods to enable safe study of these organisms. 

A. Fleming, 1881 - 1955, the British microbiologist, professor and Nobel 
Prize winner for medicine, 1945, discovered penicillin, which is effective 
against many bacteria but not tuberculosis. 

S. Waksman, 1888 - 1973, the American mycologist, microbiologist and 
Nobel Prize winner for medicine, 1952, discovered streptomycin, which is 
effective against many bacteria including tuberculosis. 


Classification: Protista 


Most living things are classed into two kingdoms, animal and plant, but as 
micro-organisms do not fit into either of these kingdoms, they are classified 
together with algae, protozoa and viruses in a third kingdom called “Protis- 


5 


ta”. 

The study of microbiology embraces several types of micro-organisms. 
The specific study of bacteria is called bacteriology, while study of fungi is 
called mycology and study of viruses is called virology. 

Micro-organisms are found everywhere — in the atmosphere, in water, on 
plants, animals, and in the soil. Because they break down organic material, 
they play a very important part in the cycle of nature. 

Some micro-organisms such as bacteria and fungi are used in many 
food processes, e.g. cheese, yoghurt, beer and wine as well as in acid 
production to preserve foods. 


Biotechnology 


The concept of “biotechnology” is a fairly recently coined word for tech- 
niques utilising biological processes. In actual fact, biotechnology has a 
history that predates the modern scientific disciplines of microbiology, bio- 
chemistry and process technology by thousands of years. 

Until the end of the nineteenth century, these processes were associated 
with food, and above all with preservation of food. 

Microbial processes still play a prominent part in the food industry, but 
biotechnology in the modern sense is largely associated with industrial 
utilisation of the properties of living cells or components of cells to obtain 
production of various products, specifically effective medicaments such as 
hormones and certain vaccines. To accomplish this it is necessary to utilise 
knowledge of the bio-sciences — biochemistry, microbiology, cell biology, 
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molecular biology and immunology — as well as the technologies of appara- 
tus design, process engineering, separation techniques, analytical methods, 
etc. 

This chapter deals mainly with micro-organisms relevant to milk and milk 
processing, but specific viruses called bacteriophages are also described. 
These organisms cause serious problems in the manufacture of products 
where micro-organisms are needed for development of flavour, texture and 
other characteristics. 


Bacteria 


Bacteria are single-celled organisms which normally multiply by binary fis- 
sion, i.e. splitting in two. The simplest method of classifying bacteria is ac- 
cording to their appearance. But to be able to see bacteria, they must first 
be stained and then studied under a microscope at a magnification of about 
1 000 X. 

The most widely used method of staining bacteria was introduced by the 
Danish bacteriologist Gram and is called Gram staining. Bacteria are divided 
into two main groups according to their Gram stain characteristics: red, 
Gram negative and blue, Gram positive. 


Morphology of bacteria 


In the word morphology morph stands for form and ology for study of. 
Morphology therefore means the study of the form of bacteria. Morphologi- 
cal features include shape, size, cell structure, mobility (ability to move in a 
liquid), and spore and capsule formation. 


Shape of bacteria 


Three characteristic shapes of bacteria can be distinguished: spherical, rod- 
shaped and spiral. The positions of bacteria relative to each other are also 
an important distinguishing characteristic. 

Diplococci arrange themselves in pairs. Staphylococci form clusters 
(Greek staphylon = bunch of grapes), while streptococci form chains (Greek 
streptos = chain). Figure 4.2. 

The rod bacteria (bacilli) vary in both length and thickness. They also 
form chains. Spiral bacteria (spirilla) can also be of varying length and thick- 
ness, and also vary as to the number of turns. Figure 4.3. 


Size of bacteria 

Cocci vary in size between 0.4 and 1.5 um (1 um = 0.001 mm). The length 
of bacilli can vary between 1 and 10 um, though a few species are larger or 
smaller. 


Cell structure of bacteria 


Like all other cells, the bacterial cell shown in figure 4.4 contains a semi- 
liquid, protein rich substance called cytoplasm. The cytoplasm also contains 
the ribosomes, where the protein synthesis takes place, and enzymes 
which take part in the metabolism of the cell. Reserve material, such as fat 
and glycogen, can also be found in the cytoplasm. 

Each cell has a nuclear material (DNA= deoxyribonucleic acid) containing 
the genetic information which controls its life and reproduction. In the cells 
of higher animals and plants the nucleus, contrary to the bacterial nucleoid, 
iS Surrounded by a membrane. The nucleus and the basic substance of the 
cell together constitute the protoplasm. 

The cytoplasm is surrounded by a cytoplasmic, semi-permeable mem- 
brane which performs many vital functions, including regulation of the ex- 
change of salts, nutrients and metabolic products between the cell and its 
environment. The cytoplasmic membrane is in turn enclosed in a further 
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Fig. 4.2 Spherical bacteria (cocci) occur 
in different formations. 
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Fig. 4.4 Schematic view of a bacterial 


cell. 
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Fig. 4.5 Flagella may be distributed all 
over the bacterium, or located at one or 
both ends. 


Saprophytes = micro-organisms 
living on dead organic matter 


Parasites = micro-organisms living 
on living animals and plants 


Round 
Ellipsoidal 
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Cylindrical 


Kidney shaped 


Gi...) Banana shaped 


Fig. 4.6 Various types of endospore 
formation in bacteria. 
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envelope, the actual wall of the cell. This serves as the “skeleton” of the 
bacterium, giving it a definite shape. This cell wall is also surrounded on the 
outside by a mucous (slimy) layer, more or less strongly developed. If extra 
thick, it is called a capsule. 

The composition of the mucus is complicated. It consists of complex 
polysaccharides containing acetyl and amino groups, or of polypeptides or 
proteins. 

The pili are structures for attachment to surfaces (bacteria, intestinal 
epithelia, processing device, etc.) 

Some bacteria have the ability to form spores (see “Spore formation and 

capsule formation’). 


Mobility of bacteria 
Some cocci and many bacilli are capable of moving in a liquid nutrient 
medium. They propel themselves with the help of flagella, which are like 
long appendages growing out of the cytoplasmic membrane, figure 4.5. 
The length and number of flagella vary from one type of bacterium to 
another. The bacteria generally move at speeds of between 1 and 10 
times their own length per second. The cholera bacterium is probably one 
of the fastest; it can travel 30 times its length per second. 


Spore formation and capsule formation 

The spore is a form of protection against adverse conditions, e.g. heat and 
cold, presence of disinfectants, lack of moisture or lack of nutrients. Some 
various types of spore formations are illustrated in figure 4.6. 

Only a few types or genera of bacteria form spores: Bacillus and 
Clostridium are the most well known. Under adverse conditions these or- 
ganisms gather nuclear material and some food reserves in one area of the 
cell and form a hard coat, protecting the nuclear material. 

When the parent cell forms a spore it may retain its original shape, or it 
may swell in the middle or at one end, depending on where the endospore 
is located. During spore formation the vegetative part of the bacteria cell 
dies. The cell eventually dissolves and the spore is released. 

The spore germinates back into a vegetative cell and starts reproduction 
when conditions become favourable again. 

Spores have no metabolism. They can survive for years in dry air, and 
they are more resistant than bacteria to chemical sterilants, antibiotics, 
drying and ultraviolet light. They are also resistant to heat — it takes 20 min- 
utes at 120°C to kill them with 100% certainty. However, spore-forming 
bacteria in the vegetative state are killed in a few minutes by boiling at 
100°C just like any other bacteria. 

Some bacilli and cocci are surrounded by a capsule of strongly devel- 
oped mucus. While this does not make them as resistant as spores it may 
provide sime protection against dry conditions. Propagation of such organ- 
isms in milk “by accident” or “on purpose” makes it viscous and slimy. In 
both cases this phenomenon gives “ropy” milk. 


Conditions for growth of bacteria 


Nutrients 


Bacteria require certain nutrients for their growth. The need for nutrients 
varies widely among different bacteria. The main sources of food are organ- 
ic compounds, e.g. proteins, fats and carbohydrates. In addition, small 
amounts of trace elements and vitamins are necessary for growth and 
health. 

Micro-organisms which live on dead organic matter are called sapro- 
phytes. Those which live on living organic matter (animal and plant tissue) 
are called parasites. 

As well as material for cell formation, organic matter also contains the 
necessary energy. Such matter must be soluble in water and have a low 
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molecular weight, i.e. it must be broken down into very small molecules in 
order to be able to pass through the cytoplasmic membrane and be digest- 
ed by the bacterium. Consequently bacteria need access to water. 

At this point we need to introduce the term “water activity“, a,, which 
means the ratio of water vapour pressure of a product to the vapour pres- 
sure of pure water at the same temperature. 

When the vapour pressure of a food is the same as the vapour pressure 
of the atmosphere, equilibrium prevails. The vapour pressure corresponds 
to different water contents in different foods, depending on how much of 
the water is free and how much is bound. 

Bacteria cannot normally develop at a, < 0.9. For yeasts the a, should 
be < 0.88 and for moulds it should be < 0.8 to stop growth. A low a, value 
does not however stop the activity of enzymes. 

In production of milk powders the maximum water content of the various 
qualities is adjusted so that they can be stored for prolonged periods with- 
out deterioration. This means that the a, should be < 0.8 — (normally below 
0.2 - 0.3). 

Micro-organisms feed by secreting enzymes into the surrounding food. 
They break down complex insoluble substances into simple soluble sub- 
stances which can pass through the cell wall. The numbers and types of 
enzyme an organism possesses determine which food constituents the 
organism can break down and to what extent. 

Some micro-organisms lack the ability to release enzymes for breaking 
down substances outside the cell. They have to make do with breakdown 
products created by other micro-organisms. Such a relationship is called 
symbiosis when both parties benefit from it. When one organism produces 
substances which have an inhibiting effect on other organisms, this process 
is called antibiosis. 


Passage of matter through the cytoplasmic 
membrane 

A bacterial cell can maintain a relatively constant interior environment in 
variable external conditions by adjusting the balance between water, inor- 
ganic substances and organic substances. Many organic substances and 
inorganic ions are present in different concentrations inside the cell and in 
the ambient medium. The cell needs a constant supply of both organic and 
inorganic nutrients from outside for its life processes; it must also get rid of 
metabolic waste products, etc. A constant interchange of matter therefore 
takes place between the cell and the ambient medium. 

This interchange takes place through the cytoplasmic membrane, which 
is semipermeable, i.e. it does not pass all substances with equal ease. A 
solvent, for example, passes through more easily than the substance dis- 
solved in it. 

The membrane also has the property of selective permeability, i.e. it acts 
as a barrier against certain substances in both directions. 

Passage through a cytoplasmic membrane may be passive or active. 
The cell itself must supply energy to enable the passage of certain sub- 
stances. Passive processes, on the other hand, are powered by forces in 
the environment of the cell. Osmotic forces are important in this context. In 
active processes it is the metabolic energy of the cell which supplies the 
necessary energy for the passage of matter. 


Temperature 
The temperature is the greatest single factor affecting growth, reproduction 


and food deterioration. Bacteria can only develop within certain temperature 


limits, which vary from one species to another. In principle, bacteria can 
grow at temperatures between the freezing point of water and the tempera- 
ture at which the protein in the protoplasm coagulates. Somewhere be- 
tween the maximum and minimum temperatures, i.e. the upper and lower 
limits of bacterial viability, lies the optimum temperature. This is the temper- 
ature at which the bacterial strain propagates most vigorously. 
Temperatures below the minimum cause growth to stop, but do not kill 
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The a, can be calculated ac- 
cording to the formula 

a,, = P/Po 
where p = vapour pressure of 
the food at t°C, 
and p, = vapour pressure of 
pure water at t°C 


Symbiosis = permanent union 
between organisms, each of 
which depends for its existence 
on the other 


Antibiosis = coexistence where 
one organism produces sub- 
stances which inhibit the growth 
of another organism 
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Fig. 4.7 Temperature conditions for 
bacterial growth. 
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Fig. 4.8 Classification of 
bacteria by temperature prefer- 
ence. 


Aerobic bacteria need oxygen 
from the atmosphere for growth. 
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the bacteria. Bacteria can survive 10 hours’ exposure to below -250°C. 
They can however be damaged by repeated freezing and thawing. The life 
functions of bacteria cease almost completely at a temperature close to the 
freezing point of water, because the cells have a high content of water 
which then freezes. When this happens, the bacteria can no longer absorb 
nutrients through the cell membranes. 

If the temperature is increased above the maximum, the bacteria are 
quickly killed by heat. Most cells die within a few seconds of being exposed 
to 70°C, but some bacteria survive heating to 80°C for 5 minutes, even 
though they do not form spores. 

It takes much more heat to kill bacterial spores, and dry heat is less 
effective than humid heat. Treatment with steam at 120°C for 30 minutes 
ensures the destruction of all spores, but in dry heat the bacteria must be 
kept at 160°C for 2 hours to guarantee 100% destruction of spores. 


Classification by temperature preference 
Bacteria can be divided into the following categories according to their 
preferred temperature range: 
Psychrotrophic (cold-tolerant) bacteria are psychrophilic or mesophilic 
strains which can reproduce at a temperature of 7°C or below, regardless of 
the optimum temperature. 
Psychrophilic (cold-loving) bacteria have an optimum growth temperature 
below 20°C. 
Mesophilic bacteria (loving the happy medium) have optimum growth tem- 
peratures between 20 and 44°C. 
Thermophilic (heat-loving) bacteria have their optimum growth tempera- 
tures between 45 and 60°C. 
Thermoduric (heat-enduring) bacteria endure high temperatures — above 
70°C. They do not grow and reproduce at high temperatures, but can resist 
them without being killed. 

The psychrotrophic bacteria are of particular interest to the dairy industry, 
because microbiological activity in farm milk and market milk usually takes 
place at a temperature of 7°C or below. 


Moisture 
Bacteria cannot grow in the abscence of water. As mentioned earlier, 
growth is inhibited at a, <0.9. 

Many bacteria are quickly killed by desiccation, while others can tolerate 
dry periods of several months. Bacterial soores can survive desiccation for 
periods of years. Because micro-organisms need water in an available form, 
this feature can be used to control their growth. An example is drying. i.e. 
removal of water. Organisms grow very well at an available moisture content 
of 20%. Reduction to 10% limits growth, and at an available water content 
of less than 5% there is no growth (with the exception of moulds). 


Oxygen 

Many micro-organisms need free oxygen to oxidise their food in order to 
produce energy and for their life processes. Upon complete oxidation of 
organic compounds CO, and water are formed. Many micro-organisms can 
get it from the air, and these are called aerobic micro-organisms. Other 
types obtain energy from their food without need of free oxygen, and these 
are called anaerobic micro-organisms. 

There are some bacteria which consume free oxygen if it is present, but 
which can grow in the absence of free oxygen. Such bacteria are called 
facultatively anaerobic. Anaerobic and facultatively anaerobic bacteria gen- 
erally obtain their energy by fermentation of organic compounds. Chemically 
this is an incomplete oxidation, whereby organic waste-products are 
formed, e.g. lactic acid from lactose. 

As most organisms obtain their oxygen from the air, i.e. they are aerobic, 
removal of oxygen/air is a means of controlling or preventing their growth. 
Examples of this are vacuum packing and gas packing and the use of ma- 
terials acting as an air barrier. 
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Anaerobic bacteria die if exposed to atmospheric oxygen for any length 
of time. 


Light 
Light is not essential to most bacteria because they do not contain chloro- 
phyll and do not synthesise food in the same way as plants. Instead light 
tends to kill bacteria if it contains ultraviolet light, which causes chemical 
changes in the DNA and cell protein. 

Many organisms are killed when exposed to direct sunlight, and ultravio- 
let light is often used for sterilising atmospheres in starter rooms. It is not 
however used for sterilising food, as chemical changes may also take place 
in the food. 


Osmotic pressure 

Bacteria cannot tolerate strong solutions of sugar or salt, i.e. high osmotic 
pressures. Exposure to such solutions draws water from the cell, thereby 
dehydrating it. Osmotic pressure is used as a means of food preservation, 
for example in fruit preserves (jam) and in salted fish and in sweetened con- 
densed milk. 


PH - acidity/alkalinity 

Micro-organisms cannot tolerate strong acidity or alkalinity. Bacteria prefer a 

pH close to neutral, i.e. 6.8 — 7.4. Moulds prefer a low pH, 4.5 or lower. 
Fresh milk has a pH normally falling between 6.5 and 6.7. Sour milk has 

a pH of 4.6 and lower. 


Reproduction of bacteria 


Bacteria normally reproduce asexually by fission. In figure 4.9 fisson is Fig 4.9 Bacteria normally reproduce 
shown. First the size of the cell increases. Then the nuclear material gathers asexually by fisson. 

in one area of the cell and divides into two identical parts. The parts move 

away from each other and the cell wall folds and grows inwards. On touch- 

ing the walls fuse together, resulting in two organisms which may break 

away or remain together, resulting in different but characteristic arrange- 


ments. Formula for rate of reproduction 
The type of formation is generally relatively constant for a given species of bacteria 

of bacteria. This characteristic is therefore used in the description of differ- E, 

ent species. N=N,x a 

Rate of reproduction N = number of bacteria/ml 

In favourable conditions fission of bacteria can occur at intervals of 20 - 30 at time t 

minutes. The rate of reproduction can be calculated out of the formula N, = number of bacteria/ml 

shown to the right. With a generation time of 0.5 hour at optimal tempera- at time O 

ture, one bacterium/ml of milk will become about one million bacteria/ml| t = the time of growth in hours 


within 10 hours. Under optimal conditions in food, 100 million — 1 000 mil- g = generation time in hours 
lion bacteria/ml can be formed. At that stage the growth rate will be inhibit- 

ed by lack of nourishment and accumulation of toxic metabolic waste prod- 

ucts. Reproduction finally stops, and large numbers of bacteria die. In reali- 

ty, unfavourable conditions, such as low storage temperature or low pH, will 

limit or delay the growth of bacteria in food. 


Growth curve of bacteria 

Figure 4.10 shows a curve of the growth of bacteria transferred to a sub- 
strate by inoculation. There is usually some delay before the bacteria start to 
reproduce, as they must first acclimatise to the new environment. This 
phase of development (a) is called the ag phase. The reason for the lag 
phase may also be that the culture has been dormant. It may for example 
have been stored at a low temperature prior to inoculation. 

The length of the lag phase varies according to how much the bacteria 
were inhibited at the moment of inoculation. If viable, growing bacteria are 
used and if there is no need for a period of adaptation, reproduction begins 
at once. 


Dairy Processing Handbook/chapter 4 51 


Number of bacteria (log) 


a b Ç d 


Fig. 4.10 Growth curve of bacteria 
Lag phase 

Log phase 

Stationary phase 

Mortality phase 
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The most important biochemical 
and enzymatic systems in milk 
products are those responsible 
for the following effects: 


Breakdown of carbohydrates 
Breakdown of protein 
Breakdown of fat 

Breakdown of lecithin 
Production of colour 
Production of mucus or slime 
Production of odours 
Reduction of oxygen 
Diseases 


Breakdown of carbohydrates by: 
e hydrolysis 

alcoholic fermentation 

lactic acid fermentation 
coliform type fermentation 
butyric acid fermentation 
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After the lag phase the bacteria begin to repro- 
duce quickly for the first few hours. This phase (b) is 
called the log phase because reproduction proceeds 
logarithmically. 

At the same time toxic metabolic waste products 
accumulate in the culture. The rate of reproduction 
will therefore subseqently slow down, while at the 
same time bacteria are constantly dying so that a 
state of equilibrium is reached between the death of 
old cells and the formation of new ones. This phase 
(c) is called the stationary phase. 

—> Time In the next phase (d) formation of new cells ceas- 
es completely and the existing cells gradually die off. 
Finally the culture is almost extinct. This is called the 
mortality phase. 
The shape of the curve, i.e. the length of the various phases and the 
gradient of the curve in each phase, varies with temperature, food supply 
and other growth parameters. 


Biochemical activity 


By biochemical activity we actually mean the types of food deterioration or 
the diseases in animals and plants that the micro-organisms may cause. 
The biochemical activity of the micro-organism decides how it can be used 
in food processes, i.e. in the manufacture of cheese, yoghurt, butter, etc. 

The activity of the micro-organism is governed by the enzymes it pos- 
sesses, as these determine what it can feed on and break down, and con- 
sequently which end products it can produce. 

There are many biochemical and enzymatic systems in microbiology. The 
following are the major ones concerned with milk and milk products. They 
can be subdivided into which constituent they break down and their effects. 


Breakdown of carbohydrates 


Carbohydrates contain the elements carbon, hydrogen and oxygen in long 
chains; they include cellulose, starch, polysaccharides and sugars. Break- 
down takes place in stages, with the addition of a molecule of water at each 
stage. The enzymes of the micro-organism determine which carbohydrates 
they can break down and how far. In milk hydrolysis of the disaccharide 
lactose occurs to its constituent monosaccharides glucose and galactose. 
They can be completely degraded to CO, and water (oxidative metabolism) 
but more often fermentaion occurs. 

Fermentation usually results in various products such as organic acids 
(lactic acid, butyric acid, etc.), alcohols (ethyl alcohol, butyl alcohol, etc.) 
and gases (hydrogen, carbon hydroxide, etc.). 

The most important forms of fermentation in milk are: 

e alcoholic fermentation of lactose to alcohol and gas. For example, 
lactose is broken down to ethyl alcohol and carbon dioxide. Alcoholic 
fermentation usually takes place under anaerobic conditions and mainly 
by yeasts and moulds. 

e lactic acid fermentation of lactose to lactic acid. This reaction is 
used in the manufacture of cheese, yoghurt and other acidified products. 

e coliform (mixed acid and butanediol) fermentation of lactose, resulting in 
a wide variety of end products, for example lactic acid, acetic acid, 
succinic acid, formic acid, butanediol, ethyl alcohol, carbon dioxide 
and hydrogen. 

e butyric acid fermentation under strict anaerobic conditions by the 
Clostridium bacteria. In butyric fermentation lactose is broken down to 
butyric acid, carbon dioxide, hydrogen and, in some cases, butyl 
alcohol. 

As a general rule carbohydrate fermentation in milk results in the produc- 
tion of acid (Souring) and sometimes gas (depending on the organisms). 
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Breakdown of protein 

The process where protein is broken down is called proteolysis where pro- 

teo stands for protein and /ysis for breakdown. The major enzymes con- 

cerned are proteases, e.g. rennin, pepsin and trypsin. These enzymes de- 

grade proteins into peptides, which are then degraded by various peptidas- Proteolysis = breakdown 

es to smaller peptides and free amino acids. Amino acids can be reutilised of protein 

for protein synthesis by the cell; however, they can also be broken down 

oxidatively or fermentatively. 

Proteins and their constituent amino acids have a wide combination of 
chemical elements and contain carbon, hydrogen, oxygen, sulphur, nitrogen 
and phosphorus. Breakdown of protein therefore results in a much larger 
range of acids, alcohols, gases (hydrogen, carbon dioxide, hydrogen sul- 
phide and ammonia) and other compounds. Breakdown of protein nearly 
always results in ammonia, which is alkaline and has a strong smell. 

Three amino acids, cystine, cysteine and methionine, contain sulphur 
and result in hydrogen sulphide which also gives off a strong smell. 

Breakdown of protein in liquid milk takes place in two major stages 
called peptonisation and consists of: 

e curdling (Sweet as opposed to sour) or clotting of the milk by rennin-like 
enzymes. This fault in milk is called sweet curdling, a defect which is 
common in pasteurised milk which is stored warm. 

e proteolysis of the protein, resulting in production of ammonia, which is 
alkaline. 

The degree of amino free acids and ammonia in cheese gives an indication 

of its age and maturity as proteolysis progresses. Blue, or mould ripened, 

cheese has rapid proteolysis, resulting in production of large amounts of 
ammonia. 


Breakdown of fat 

The process where fat is broken down by enzymes is called lipolysis, from 
the Greek roots lipo meaning fat and lysis meaning breakdown. The major 
enzyme concerned is lipase. During lipolysis the fat is hydrolysed to glycerol 
and three separate fatty acids. Some of the fatty acids are volatile and give 
off strong smells. One example is butyric acid, which gives the characteris- 
tic, rancid taste. 

Pure fat is relatively resistant to microbiological breakdown. Milk fat, in 
the form of butter and cream, contains protein, carbohydrate, minerals, etc. 
for growth and is therefore more susceptible. 

Many bacteria and moulds which break down proteins also break down 
fat oxidatively. 


Lipolysis = breakdown of fat 


Breakdown of lecithin 
Lecithin, the phospholipid included in the membranes round the fat glob- 
ules, is a chemical combination of glycerol, two fatty acids, phosphoric acid 
and choline, an organic alkali. Strains of Bacillus cereus produce enzymes, 
lecithinases, which hydrolyse the lecithin into diglyceride and phosphoryl 
choline. The membranes of the fat globules are split, resulting in an unstable 
fat emulsion often appearing in the form of flocks or lumps floating on the 
surface of the milk or cream. This fault in milk or cream is called “bitty 
cream” or “broken cream”. 

Further breakdown of the choline into trimethyl amine will result in a fishy 
smell and taste. 


Pigment and colour production Chromogenesis = colour 
The process of colour production is called chromogenesis and the organ- production caused by 
ism causing the production is referred to as chromogenic after the Greek chromogenic bacteria 


roots chromo meaning colour and genesis meaning birth or origin. 

This process of metabolism is a feature of certain micro-organisms. It is 
greater in certain foods than others and takes place at lower temperatures. 
Aerobic conditions are also necessary for chromogenesis. 

There are two types of pigment: 
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The species of an organism is 
often named after the colour it 
produces, for example: 


Albus = white 

Luteus = yellow 

Citreus = citrus yellow 
Roseus = pinkor red 
Aureus = golden 
Violaceum = violet 

Nigra = black or brown 


Pathogenic bacteria 
cause disease in human beings, 
animals and plants. 
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e endo-pigment, which stays in the cell 

e exo-pigment, which diffuses out of the cell into the surrounding food 
There are three basic colour groups: 

e Carotenoids, which are yellow, green, cream or golden 

e Anthrocynins, which are red 

e Melanins, which are brown or black 

The name of an organism often refers to the colour it produces. Example: 
Staphylococcus aureus = “the golden Staphylococcus”. 


Mucus production 


A number of bacteria produce mucus or slime, which is utilised in certain 
cultured products such as yoghurt and langfil, a Swedish ropy milk. 


Odour production 


A number of organisms produce strong odours or smells. Examples are: 
e Moulds, which produce a musty smell 

Actinomyces, which produce an earthy smell 

Yeasts, which produce a fruity smell 

Pseudomonas, which produce a fruity/fisny smell 

Coliforms, which produce a cowlike and dirty smell 

Lactococcus lactis var. maltigenes, which produces a malty smell 


Reducing power 

All micro-organisms have some degree of reducing power, i.e. the power to 
remove oxygen. In milk the most powerful reducers are Lactococcus, coli- 
forms and Bacillus. These are largely responsible for the reduction of oxy- 
gen in dye-reduction tests such as “Resazurin” and “Methylene blue”, indi- 
cating the degree of microbiological content and keeping quality. 


Disease production (Toxins) 


Organisms which produce diseases are called pathogenic from the Greek 
roots pathos, suffering and genesis, origin. Organisms bring about disease 
in human beings, animals and plants by attacking and breaking down living 
cells and producing poisonous substances called toxins. The organisms 
responsible may die, but the toxin can remain and cause the disease. 

Examples are Staphylococcus, Salmonella and Clostridium, which cause 
food poisoning, Salmonella typhosa (causing typhoid fever), Clostridium 
letani (causing tetanus) and Corynebacterium diphtheriae (causing diphthe- 
ria). 


Enumeration of bacteria 


Bacteria can best be studied and diagnosed if they are cultured first. 

Bacteria can be transferred to a broth containing suitable nutrients with a 
favourable temperature, salt concentration, pH, etc. There they will begin to 
grow and reproduce. 

For the sake of convenience, bacteria are cultured on solid media called 
agars, consisting of a jelly-like, semi-hard substance. The required nutrients 
are added to the agar and bacteria are spread on its surface. Utilizing the 
nutrients, the bacteria begin to grow and reproduce. Each individual bacte- 
rium on the surface of the agar multiplies into a cluster of bacteria, all de- 
scended from the same parent. This cluster, Known as a colony, contains 
several million bacteria. Colonies of a hundred thousand or more bacteria 
are visible to the naked eye. By making dilutions of the original sample, 
plating on agar and counting the colonies it is possible to enumerate the 
bacteria. The appearance of the colonies varies according to the strain of 
bacteria, the type of agar and the types of nutrients used. By using selective 
agar media, which allow only specific groups of bacteria to grow, the pres- 
ence of various types of bacteria can be demonstrated. 
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Identification and classification of bacteria 


In an attempt to classify the many different types of bacteria that exist, they 
were previously divided into families, genera and species in the same way 
as higher plants and animals. 

In zoology and botany this is done according to the external characteris- 
tics of the individual (appearance). The same principle was originally applied 
to the classification of bacteria, but it was soon found that it was not suffi- 
cient to group bacteria simply by size, shape, appearance and mobility. 
Apart from these external characteristics, it was also necessary to consider 
the metabolism of the organisms (their relationship to various carbohy- 
drates, proteins, fats, etc.) and their strain characteristics. With information 
on these matters it was possible to group similar organisms in a bacterial 
system of taxonomy. 

The Latin names of bacteria according to this system are now interna- 
tionally used. 

Every bacterium has two names. The first represents the genus and the 
second describes the species, often pointing out a certain property or ori- 
gin. See also above under Pigment and colour production. 

Identification of bacteria to the genus level is done by a combination of 
morphological and mainly biochemical tests. 


Bacteria in milk 


When milk is secreted in the udder it is virtually sterile. But even before it 
leaves the udder it is infected by bacteria which enter through the teat 
channel. These bacteria are normally harmless and few in number, only a 
few tens or hundreds per ml. 

However, in cases of bacterial udder inflammation (mastitis), the milk is 
heavily contaminated with bacteria and may even be unfit for consumption, 
not to mention the suffering of the cow. 

There are always concentrations of bacteria in the teat channel, but most 
of them are flushed out at the beginning of milking. It is advisable to collect 
the first bacteria-rich jets of milk from each teat in a separate vessel with a 
black cover. Flocculated milk from diseased animals shows up readily 
against the black background. 


Infection at the farm 


In the course of handling at the farm, milk is liable to be infected by various 
micro-organisms, mainly bacteria. The degree of infection and the composi- 
tion of the bacterial population depend on the cleanliness of the cow’s envi- 
ronment and the cleanliness of the surfaces with which the milk comes into 
contact, e.g. the pail or milking machine, the strainer, the transport churn or 
the tank and agitator. Milk-wetted surfaces are usually a much greater 
source of infection than the udder. 

When cows are milked by hand, bacteria can get into the milk via the 
milker, the cow, the litter and the ambient air. The magnitude of the influx 
depends largely on the skill and the hygiene-consciousness of the milker 
and the way the cow is managed. Most of these sources of infection are 
eliminated in machine milking, but another one is added, namely the milking 
machine. A very large number of bacteria can enter the milk this way if the 
milking equipment is not cleaned properly. 


Bacteria count in milk 
Due to its very specific composition, milk is susceptible to contamination by 
a wide variety of bacteria. 

Farm milk may contain anything from a few thousand bacteria per ml, if it 
comes from a hygienic farm, up to several millions if the standard of clean- 
ing, disinfection and chilling is poor. Daily cleaning and disinfection of all 
milking equipment is therefore the most decisive factor in the bacteriological 
quality of milk. For milk to be classed as top quality, the bacteria count, the 
CFU (Colony Forming Units), should be less than 100 000 per ml. 
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The bacterial system covers: 
10 orders 
47 families 
190 genera 
about 1 800 species 


Fig. 4.11 Bacteria enter through the 
teat channel. 


Fig. 4.12 During udder inflamation the 
milk is heavily infected by bacteria. 


Fig. 4.13 Collect the first bacteria-rich 
jets of milk from each teat in a separate 
vessel with a black cover. 
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Million bact./ml. 
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Fig. 4.14 Influence of temperature on 
bacterial development in raw milk. 


Bacteria groups in milk: 
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Lactic acid bacteria 
Coliform bacteria 
Butyric acid bacteria 
Propionic acid bacteria 
Putrefaction bacteria 


Table 4.1 


Rapid chilling to below 4°C contributes greatly to the quality of the milk 
at the farm. This treatment slows down the growth of the bacteria in the 
milk, thereby greatly improving its Keeping qualitites. 

The influence of temperature on bacterial development in raw milk is 
shown in the graph in figure 4.14. Starting from 300 000 CFU/ml we can 
see the speed of development at higher temperatures and the effect of 
cooling to 4°C. Cooling to 4°C or even lower, 2°C, in conjunction with milk- 
ing makes it possible to deliver milk at two-day intervals provided that the 
milk container/tanker is insulated. 


Principal bacteria in milk 


Many of the bacteria in milk are casual visitors. They can live, and possibly 
also reproduce, but milk is often an unsuitable growth medium for them. 
Some of these bacteria die when competing with species which find the 
environment more congenial. 

The groups of bacteria which occur in milk can be divided into lactic acid 
bacteria, coliform bacteria, butyric acid bacteria, propionic acid bacteria 
and putrefaction bacteria. 


Lactic acid bacteria 


Lactic acid bacteria are found on plants in nature, but some species occur 
in particularly large numbers in places where there is milk. Others are found 
in the intestines of animals. The group includes both bacilli and cocci, which 
can form chains of varying length but which never form spores. 

Lactic acid bacteria are facultatively anaerobic. Most of them are killed 
by heating to 70°C, though the lethal temperature for some is as high as 
80°C. 

Lactic acid bacteria prefer lactose as a source of carbon. They ferment 
lactose to lactic acid. The fermentation may be pure or impure, i.e. the end 
product may be almost exclusively lactic acid (homofermentative fermenta- 
tion), or other substances may also be produced, such as acetic acid, car- 
bon dioxide and ethanol (heterofermentative fermentation). 


Important lactic acid bacteria in the dairy industry 


Species Optimum 


Str thermophilus 40-45 


Lc lactis 25-30 
Lc cremoris 25- 30 
Lc diacetylactis 25 — 30 
Leuc cremoris 25- 30 
Lb acidophilus 37 
Lb casei 30 
Lb lactis 40-45 
Lb helveticus 40 - 45 
Lb bulgaricus 40-45 
Bifidobacterium SiG 
Str = Streptococcus 
Le = Lactococcus 


Ferments lactose Ferments Protein- Used in 
to lactic to other citric splitting 
acid % substances acid to enzymes 
0.7 - 0.8 — — Yes Acidified milk, 
cheese 
0.5-0.7 - - Yes Acidified milk 
0.5 - 0.7 - - Yes Acidified milk 
0.3 - 0.6 — CO,, volati- Yes Acidified milk, 
les, diacetyl cheese, butter 
0.2 - 0.4 CO, CO,, volati- Yes Acidified milk 
les, diacetyl 
0.6 -0.9 - - - Acidified milk 
a= 48) - - Yes Cheese 
T= 8) - - Yes Cheese 
20227 — - Yes Acidified milk, 
cheese 
1.5-2.0 - - Yes Acidified milk 
0.4-0.9 Acetic acid - - Acidified milk 
Leuc = Leuconostoc 
Lb = Lactobacillus 
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Fermentation capacity varies according to species. Most lactic acid 
bacteria form between 0.5 and 1.5% lactic acid, but there are species 
which form up to 3%. 

Lactic acid bacteria need organic nitrogen compounds for growth. They 
get them from casein in milk by breaking it down with the help of protein- 


splitting enzymes. However, the ability to split casein varies greatly from one eh 
species to another. ice eo 

The most important types of lactic acid bacteria used in the dairy indus- ee = pa ~ 
try are listed in Table 4.1, which also gives the main data for the species a 3 Sdri 
mentioned. Some common species of mesophilic lactic acid bacteria have > q C] J 

o C C] € 

recently been renamed by substitution of Lactococcus (Lc.) for Strepococ- aaqa < 
cus (Sc.) as the generic name. Thus Sc. lactis, cremoris and diacetylactis =i i ao 2 Pq < 
have now become Lc. Lactis, cremoris and diacetylactis respectively. B o -e oe: > € 

The table shows that Streptococcus diacetylactis and Leuconostoc C a s 
cremoris also break down citric acid, which is fermented to yield carbon > a € < 
dioxide and diacetyl. Carbon dioxide, which is developed by lactic acid ‘ 
bacteria fermention of citric acid and lactose (also lactate) is the basic cause 
of hole formation (eye formation) in cheese. See also chapter 14 under Fig. 4.15 The carbon dioxide formed 
“Treatment of curd”. Carbon dioxide gives a mild flavour to dairy starter when lactic acid bacteria ferment citrate 
cultures (mother culture and bulk starter) and to cultured milk products. and lactose collects in hollows in the 
Diacetyl, formed by fermentation of citric acid, imparts a characteristic fla- curd. This forms the characteristic round 
vour to starter culture, cultured milk and butter. holes in round-eyed cheese. 


Sc. thermophilus, as the name indicates, is a thermophilic bacterium. It 
is often present in HTST pasteurised milk, thrives best between 40 and 
50°C and survives for 30 minutes at 65°C. Lactobacillus helveticus and Lb. 
bulgaricus are the bacilli responsible for ripening Emmenthal cheese. They 
are added to cheese milk as a pure culture together with Str thermophilus. 

Cultured milk products are now being made with L. acidophilus and 
Bifidobacteria, either together or separately. Both cultures are able to sur- 
vive passage through the human stomach, where the pH is as low as ap- 
prox. 2. These cultures have the ability to colonise the intestinal wall, thus 
contributing to a reduction of growth of E. coli and other undesireable bac- 
teria and helping to prevent diarrhoea. 


Coliform bacteria 


Coliform bacteria are facultatively anaerobic with an optinum temperature 
of 30 - 37°C. They are found in intestines, in manure, in soil, in contaminat- 
ed water and on plants. They ferment lactose to lactic acid and other or- 
ganic acids, carbon dioxide and hydrogen and they break down milk pro- 
tein, resulting in an off flavour and smell. Some coli bacteria also cause 
mastitis. 

Coliform bacteria can cause serious trouble in cheesemaking. Besides 
causing off flavour, the relatively strong gas formation will result in an un- 
wanted texture at an early stage (early blowing, see figure 4.16). The me- 
tabolism of coliform bacteria ceases at a pH just below 6. This explains their great problems in cheesemaking. They 
activity at an early stage of fermentation, before all lactose is broken down. emit large volumes of gas, resulting in a 

Coliform bacteria are killed by HTST pasteurisation. They are used as blown cheese with a bad taste. 
test organisms for routine bacteriological quality control in dairies. If coliform 
bacteria are found in milk and pipelines after the pasteuriser, this is a sign of 
reinfection which indicates that cleaning and disinfection routines need to 
be improved. If no coliform bacteria are detected, the equipment cleaning 
procedures can be regarded as satisfactory. Even better test organisms are 
the entire group of gram-negative bacteria, including Pseudomonas and 
coliforms. 


Fig. 4.16 Coliform bacteria can cause 


Butyric acid bacteria 
Butyric acid bacteria are very common in nature. They are found in the soil, 
on plants, in manure, etc. and easily find their way into milk. Badly stored 
silage and fodder, contaminated with soil, may have extremely high counts 
of spores of butyric acid bacteria. This results in the milk becoming heavily 
infected with these organisms. 

Butyric acid bacteria are anaerobic spore-forming micro-organisms with 
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Butyric acid bacteria 
“The Cheese Destroyers”: 


e Clostridium tyrobutyricum 
e Clostridium butyricum 


Putrefaction bacteria: 


Brevibacterium linens (useful) 

Pseudomonas fluorescens 
(harmful) 

Clostridium sporogenes 
(harmful) 
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an optimum temperature of 37°C. They do not grow well in milk, which 
contains oxygen, but thrive in cheese where anaerobic conditions prevail. 

The properties of cheese as a bacteriological substrate change during 
the first few days after manufacture. Starting predominantly as a sugar 
substrate it is gradually transformed into a lactate substrate. The sugar 
(lactose) is fermented to lactic acid, which is neutralised by calcium and 
other minerals to calcium lactate. Butyric acid fermentation, which occurs 
during the first weeks after manufacture of cheese, is caused by lactose- 
fermenting butyric acid bacteria. If fermentation occurs later on, it is caused 
by butyric acid bacteria which ferment lactate. These fermentation process- 
es produce large quantities of carbon dioxide, hydrogen and butyric acid. 
The cheese acquires a fermented, ragged texture and a rancid, sweetish 
taste of butyric acid. 

One can distinguish between the mobile Clostridium butyricum, a group 
containing both lactose and lactate fermenters, and Clostridium tyrobutyri- 
cum, which ferments lactates (lactic acid salts) and can cause late butyric 
acid fermentation. The former bacterium can cause both early and late 
butyric acid fermentation in cheese. 

Over the years large quantities of cheese have been spoiled by butyric 
acid fermentation. These bacteria cannot be killed by pasteurisation when 
they occur in the heat-resistant spore form. It is therefore necessary in prac- 
tice to resort to special production engineering techniques to prevent butyr- 
ic acid fermentation. 

One technique is to add saltpetre (potassium nitrate) to the cheese milk, 
as it has an inhibiting effect on butyric acid bacteria. However, as the use of 
this type of salt has been banned in a number of countries on account of a 
presumed risk of formation of carcinogens, other means of preventing bu- 
tyric acid fermentation must be considered. 

Common salt (sodium chloride) has a very strong effect on butyric acid 
bacteria. It is important that the salt reaches the bacteria as early as possi- 
ble. This explains why cheeses salted in the curd show very little tendency 
to butyric acid fermentation. 

Salting must not be too heavy, as otherwise there is a risk of inhibiting 
the lactic acid bacteria which should develop in the cheese. 

Spores of butyric acid bacteria are relatively heavy, and a technique has 
therefore been developed for separating them from cheese milk by centrifu- 
gal force. This technique, bactofugation, will be described later. The prac- 
tice is gradually becoming more widespread, as more and more countries 
are banning the use of saltpetre in cheese. 

Another technique recently adopted for reduction of bacteria in milk is 
microfiltration, which is described in chapters 6.4 and 8. 


Propionic acid bacteria 

The category of propionic acid bacteria comprises a number of species of 
varying appearance. They do not form spores, their optimum temperature is 
about 30°C, and several species survive HTST pasteurisation. They ferment 
lactate to propionic acid, carbon dioxide and other products. 

Pure cultures of propionic acid bacteria are used (together with certain 
lactobacilli and lactococci) in the manufacture of Emmenthal, Gruyère, 
Jarlsberg, Grevé and Maasdam cheese, where they are responsible for the 
formation of eyes and contribute to the characteristic flavour. 


Putrefaction bacteria 

Putrefaction bacteria produce protein-splitting enzymes. They can therefore 
break down proteins all the way to ammonia. This type of breakdown is 
known as putrefaction. Some of them are used in dairy processing, but 
most of them cause trouble. 

The category of putrefaction bacteria comprises a very large number of 
species, both cocci and bacilli, which grow both aerobically and anaerobi- 
cally. They enter the milk from manure, fodder and water. Many of them also 
produce the enzyme lipase, which means that they also break down fat. 

Brevibacterium linens is a putrefaction bacterium which forms a yellow- 
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ish-red coating on cheese. On the surface of Port Salut cheese it breaks 
down protein during the ripening period and contributes to the aroma. Un- 
like many other micro-organisms it is highly resistant to salt. 

Some unwanted putrefaction bacteria can be found in milk and dairy 
products. One is Pseudomonas fluorescens, normally found in contaminat- 
ed water and soil. It produces very heat resistant lipase and protease, and 
is therefore undesirable in butter, which is easily contaminated with this 
bacterium from rinsing water of poor quality. Bacteria of the genus Pseu- 
domonas are the most common gram-negative post-pasteurisation con- 
taminants growing in milk at low temperature. 

Apart from lipase, some unwanted putrefaction bacteria produce a type 
of rennet-like enzyme. They can therefore coagulate milk without souring it 
(sweet curdling). In the summer and autumn it sometimes happens that milk 
from the occasional supplier is heavily infected by these bacteria. 

A typical gas producer is the mobile, spore-forming, anaerobic bacillus 
Clostridium sporogenes. It can be found in fermented fodder, water, soil and 
also in the intestines. Milk is easily infected by this bacterium or its spores. It 
can grow under anaerobic conditions in cheese, particularly processed 
cheese, where it can produce very powerful putrefactive fermentation. 


Fungi are divided into: 
e yeasts 


Fungi e moulds 


Fungi are a group of micro-organisms which are frequently found in nature 
among plants, animals and human beings. Different species of fungi vary a 
great deal in structure and method of reproduction. Fungi may be round, Cell 

oval or threadlike. The threads may form a network, visible to the naked Uo 
eye, in the form of mould on food, for example. Fungi are divided into Nucleus a 
yeasts and moulds. 


Cell wall 


Yeasts 


Yeasts are single-cell organisms of spherical, elliptical or cylindrical shape. 
The size of yeast cells varies considerably. Brewer’s yeast, Saccharomyces 
cerevisiae, has a diameter of the order of 2 - 8 um anda length of 3 - 15 
um. Some yeast cells of other species may be as large as 100 um. 

It contains cytoplasm and a clearly discernible nucleus surrounded by 
nuclear membrane, figure 4.17. The cell is enclosed by a wall and a cell Ribosomes f= 
membrane which is permeable to nutrients from the outside of the cell and Mitochondrion a Hoel 
waste products from the inside. The cell contains a vacuole which serves as Fig. 4.17 The structure of a yeast cell. 
storage space for reserve nutrition and for waste products before they are 
released from the cell. Fat globules and carbohydrate particles are embed- 
ded in the cytoplasm. Mitochondria, where energy for cell growth is gener- 
ated, as well as ribosomes are found in the cytoplasm. 


Reproduction of yeast ©) 
Yeast cells normally reproduce by budding, as shown in figure 

4.18, although other methods of reproduction can also be 
found. Budding is an asexual process. A small bud develops 
on the cell wall of the parent cell. The cytoplasm is shared 
for a while by parent and offspring. Eventually the bud is 
sealed off from the parent cell by a double wall. 

The new cell does not always separate from its parent but may 
remain attached to it while the latter continues to form new buds. The 
offspring cell may also form fresh buds of its own. This can result in large Fig. 4.18 Budding yeast cells. 
clusters of cells attached to each other. 

Some types of yeast reproduce sexually, as in figure 4.19, by forming 
spores, ascospores and basidiospores, (not to be confused with bacterial 
spores). Two cells fuse together and the two nuclei also fuse. Following 
division of the nuclear material eight ascospores are formed within the cells, 


J 
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Important factors for yeast 
growth 

e nutrients 

moisture 

acidity 

temperature 

oxygen 


Yeasts grow best in acid media. 


Yeast can cause defects in 
cheese and butter. 
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Fig. 4.19 Sexual reproduction of yeast.. 


each containing a similar set of DNA. When the spores are mature they are 
released and germinate, forming new cells which then reproduce asexually 
by budding. 


Conditions for the growth of yeast 


Nutrients 

Yeast has the same need for nutrients as other living organisms. Like bacte- 
ria, it has a system of intracellular and extracellular enzymes capable of 
breaking down large molecules in the substrate to manageable size for the 
metabolism of the cell. 


Moisture 

Like bacteria, yeast must have access to water to be able to live, but yeast 
needs less water than bacteria. Some species can grow in media with very 
low water content such as honey or jam. This means that they can with- 
stand a relatively high osmotic pressure. 


Acidity 
Yeast can grow in media with pH values ranging from 3 to 7.5. The opti- 
mum pH is usually 4.5 — 5.0. 


Temperature 
Yeast cells do not usually grow at temperatures below the freezing point of 
water or above about 47°C. The optimum temperature is normally between 
20 and 30°C. 

Growing cells are normally killed within 5 to 10 minutes at temperatures 
of 52 to 58°C. Spores (ascospores) are more resistant but are killed when 
exposed to 60 - 62°C for a few minutes. 


Oxygen 

Yeast has the ability to grow both in the presence and in the absence of 
atmospheric oxygen, i.e. yeast cells are facultatively anaerobic. In the ab- 
sence of oxygen yeast breaks down sugar to alcohol and water while, in the 
presence of oxygen, it breaks down sugar to carbon dioxide and water. 
Yeast cells grow faster in the presence of oxygen. 


Classification of yeasts 

Yeasts are divided into three groups, according to their ability to produce 
spores (ascospores and basidiospores). The strains which form spores 
belong to the group of Ascomycetes and Basidiomycetes. Those which do 
not produce spores but reproduce mainly by budding belong to the group 
of Fungi imperfecti. 


Importance of yeast 

Yeasts are generally undesirable organisms from the dairy point of view, 
with one exception. Kefir, a Russian cultured product, is fermented with a 
mixed culture of yeasts and lactic acid bacteria in a grain-shaped aggre- 
gate. Yeast organisms are otherwise unwelcome in the dairy because they 
cause serious faults in cultured products including cheese and butter. In the 
brewing, wine, baking and distilling industries, on the other hand, they are 
valuable co-workers. 
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Moulds 


The category of moulds comprises a fairly heterogenous group of multi- 
cellular, threadlike fungi. Superficially they resemble each other very closely, 
but in fact they belong to quite different groups of fungi. 

The moulds consist of thread-like strands of cells called hyphae. The 
mass of hyphae which can be seen with the naked eye is called mycelium. 
The hyphae may or may not have crosswalls between the cells and are 
usually branched. The hyphae are the vegetative part of the mould, often 
colourless, and secrete enzymes by which they degrade food, see figure 
4.20. 

As the mould colony grows, the hyphae and mycelium radiate outwards 
from the centre. 


Reproduction of moulds 


Moulds reproduce by means of spores of various types. Both sexual and 
asexual reproduction may occur in the same species. The spores usually 
have thick walls and are relatively resistant to desiccation and heat. A mould 
can remain dormant in spore form for quite a long time. 

The asexual spores, conidia, represent the most common method of 
mould reproduction, and they are usually produced in enormous numbers, 
figure 4.21. They are very small and light and can be carried by wind, 
spreading the mould from place to place. This is a common, everyday oc- 
currence. 


Fig 4.20 Depending on the group, 
moulds have either hyphae with or with- 
out crosswalls. 


Conidia 


Metabolism of moulds 


Mould fungi metabolise in the same way as bacteria and yeasts. They are 
well equipped with enzymes which they use to break down a variety of 
organic substances. From the dairy point of view, the action of mould on fat 
and protein is of particular interest. The growth of mould mycelium is illus- 
trated in figure 4.22. 


Phialide 


Mycelium 


External factors affecting the growth of 
moulds 


Moisture 


Moulds can grow on materials with a very low water content and can ex- a 
tract water from moist air. Fig 4.21 Penicillium sp. Mycelium with 
conidiophores producing chains of 
conidia. 


Water activity (a, ) 
Moulds are more tolerant to low a, than bacteria. Some can tolerate con- 
centrations of sugar and salt with high osmotic pressure. 

Example: Fruit preserves and sweetened condensed milk. 


Oxygen 
Moulds normally grow in aerobic conditions. Oxygen is I 
necessary for the formation of conidia, and for the = 
growth of mycelia. 


Temperature 
The optimum growth temperature for most moulds is 
between 20 and 30°C. 


Acidity 

Moulds can grow in media with pH values from 3 to 8.5. 
Many species, however, prefer an acid environment. Exam- 
ple: cheese, yoghurt, citrus fruit and fruit juices. 


Fig 4.22 Growth of mould mycelium on 
malt agar derived from one spore (S) 
after one day's growth at 20°C. 
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Fig. 4.24 A schematic drawing of a 
phage. 
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Importance of moulds in the dairy 


As with yeasts, moulds do not survive ordinary pasteurisation temperatures, 
72 — 74°C for some 10 to 15 seconds. The unwanted presence of these 
organisms is therefore a sign of reinfection. 

There are many different families of moulds. Some groups which are of 
importance in the dairy industry are Penicillium and milk mould, Geotrichum 
candidum. 


Penicillium 

The genus Penicillium is one of the most common types of mould. The 
sporeforming hyphae of this family are branched at the tip, resembling a 
brush. Green mould, which occurs very widely in nature, belongs to this 
family. Some species of penicillia play an important part in dairy processes. 
Their powerful protein and fat splitting properties make them the chief 
agents in the ripening of Blue cheese, Camembert, etc. The Blue-cheese 
mould is called Penicillium roqueforti and the Camembert mould Penicillium 
camemberti. See figure 4.21. 


Milk mould 


The milk mould Geotrichum candidum is on the borderline between yeast 
and mould. Its reproduction is similar to that of yeast organisms - the outer 
part of the hyphae is tied off in a process that resembles budding. Its struc- 
ture is shown in figure 4.23. The mould occurs on the surface of cultured 
milk as a fine, white velvety coating. This mould contributes to the ripening 
of semisoft and soft cheeses. It may cause rancidity in butter. 

Moulds on the surfaces of cheese and butter can cause discoloration 
and also give the product an off flavour. Strict hygiene is necessary in the 
dairy in order to prevent products from being affected by moulds during 
processing. Walls and ceilings, for example, must be kept scrupulously 
clean in order to prevent moulds from settling there. 


Bacteriophages 


Twort, an English scientist, discovered as early as 1915 that certain cultures 
of staphylococci were disrupted and broken down. A couple of years later 
d‘Herelle, a Canadian scientist, after having made similar observations, 
postulated that the phenomenon was caused by invisible organisms feeding 
on the bacteria. He called them “bacteriophages” (the last part from the 
Greek word phagein, meaning to eat). 

Bacteriophages are thus viruses, i.e. bacterial parasites. By themselves 
they can persist, but they cannot grow or replicate except within bacterial 
cells. They have very specific hosts, e.g. single species of strains of bacte- 
ria. 


Structure of bacteriophages 

Bacteriophages, or phages, can only be seen by means of an electron 
microscope. The phages have a “head” and a “tail” and a size of 0.03 to 0.3 
um. A schematic drawing of a phage is shown in figure 4.24. 


Fig. 4.25 Schematic picture of the propagation of bacteriophages. 
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Reproduction of phages 

Phages only attack bacteria, usually young actively growing ones, within 
which they can reproduce. The bacteria subsequently disintegrate, releasing 
a crowd of 10 to 200 phages per bacterium to attack new victims. The 
scenario is shown in figure 4.25. 

The phage attaches to the surface of its host (1), and the DNA is injected 
into the cell. The cellular "machinery" then produces new phage DNA and 
phage proteins (2; 3). The new phages are assembled inside the bacterial 
cell (4), which is then lysed (5) and the mature phages are released. 


Concluding notes 


The great variety of bacteria, yeasts and moulds and their widely varied 
activities are of the utmost importance to life on earth in general and hu- 
manity in particular. 

Micro-organisms in soil and water are responsible for degrading available 
sources of organic nourishment into forms that plants can assimilate. By 
doing so they also perform an indirect service to the animal kingdom includ- 
ing Man. 

Human beings also benefit more directly from micro-organisms. Lactic 
acid forming micro-organisms, for example, can be used to preserve fodder 
(silage) for livestock. The same principle is applied to the preparation of 
certain foods such as sauerkraut, green olives and cucumbers. 

Micro-organisms are of paramount importance in the manufacture of 
many dairy products such as yoghurt, cheese and cultured butter. Choice 
of the right types of micro-organism is an important factor in maximising the 
quality of these products. 

Micro-organisms used in the manufacture of dairy products are normally 
supplied by companies that specialise in developing and propagating them 
under strictly controlled hygienic conditions. The micro-organisms used in 
the dairy industry are called starter cultures. A starter culture is a mixture of 
organisms that form lactic acid by fermenting the lactose in milk. However, 
it is important that the quality of the starter cultures is preserved after arrival 
at the dairy by maintaining high standards of hygiene in all steps of the 
processing chain. 

In this context it should be mentioned that the milk may contain residues 
of antibiotics emanating from treatment of cows suffering from mastitis; the 
most commonly occurring one is penicillin. In spite of regulations saying that 
milk from cows treated with antibiotics must not be sent to the dairy, you 
may find sufficiently high levels of antibiotics in bulk tank milk to stop or 
retard growth of the starter cultures you use. But more seriously, children 
who consume milk contaminated with antibiotics may become hypersensi- 
tive to injections of antibiotics when needed, and their digestive systems 
may also be upset. Figure 4.26 illustrates the influence of even small resi- 
dues of penicillin on the most commonly used starter cultures. 

As raw milk is usually contaminated with bacteriophages, it is important 


Levels of penicillin that inhibit 
some micro-organisms 


Starter A 


Micro-organism Penicillin (I.U) “ml Acid 


Lactococcus lactis ROS 
Lactococcus cremoris 0.05 - 0.1 
Streptococcus thermophilus 0.01 - 0.05 
Lactobacillas bulgaricus 0.25 - 0.5 
Starter (mixed culture) 0.25 - 0.5 


*/ LU = International unit. (Penicillin causes 


lysis of bacterial cells.) Time =z 


Fig. 4.26 Effect of penicillin in milk on acid production. 
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Fig. 4.27 Growth of starter bacteria 
and phages and influence on infected 
starter culture. 
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that the milk used for starter cultures, usually skimmilk, is heated to at least 
90°C for 30 minutes to inactivate the phages. Figure 4.27 shows what will 
happen if this is not done or if the milk is recontaminated by phages after- 
wards. In the time it takes for one “non-infected” bacterium to produce four 
new bacteria by two generations of fission, one bacteriophage has grown to 
a total of 22 500 phages (figure 4.28)! No wonder then that the growth 
curve of a phage infected starter culture suddenly collapses after some time 
(figure 4.27). 


Starter 


O 
@ = ap 
O 


Fig. 4.28 Comparison between rates of reproduction of starter bacteria and 
phages. 


It would be a false idealisation of micro-organisms to omit to mention 
that some of them — the pathogenic micro-organisms — are regarded as 
mankind’s worst enemies. Although it is true that pathogens are far outnum- 
bered by the harmless or useful ones, their effects are so much more obvi- 
ous. 

Almost all over the world, governments have passed laws requiring pas- 
teurisation of milk produced at a dairy and intended for consumption. A 
typical temperature/time combination for pasteurisation is 72°C/15 — 20 
seconds, which kills all pathogens. It is of course important that the people 
involved in production are not suffering from any disease that might acci- 
dentally re-infect the pasteurised milk before it is packed. 
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Chapter 5 


Collection 
and reception of milk 


The milk is brought from the farm, or collecting centre, to the dairy for 
processing. All kinds of receptacles have been used, and are still in use, 
throughout the whole world, from 2 - 3 litre calabashes and pottery to 
modern bulk-cooling farm tanks for thousands of litres of milk. 


Formerly, when dairies were small, collection was confined to nearby farms. 
The micro-organisms in the milk could be kept under control with a mini- 
mum of chilling, as the distances were short and the milk was collected 
daily. 
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Fig. 5.2 Bulk cooling tank with agitator 
and chilling unit 


Fig. 5.3 An insulating cover protects the 
milk from heat and cold. 
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Fig. 5.1 The milk run in a closed system from cow to cooling tank 


Today the trend is towards progressively larger dairy units. The demand 
is for increased production without reduction in the quality of the finished 
product. Milk must be brought from farther away and this means that daily 
collection is generally out of the question. Nowadays collection usually 
takes place every other day, but the interval can often be three days and 
sometimes even four. 


Keeping the milk cool 


The milk should be chilled to below + 4°C immediately after milking and be 
kept at this temperature all the way to the dairy. 

If the cold chain is broken somewhere along the way, e.g. during trans- 
portation, the micro-organisms in the milk will start to multiply. This will 
result in the development of various metabolic products and enzymes. 
Subsequent chilling will arrest this development, but the damage has al- 
ready been done. The bacteria count is higher and the milk contains sub- 
stances that will affect the quality of the end product. 


Design of farm dairy premises 

The first steps in preserving the quality of milk must be taken at the farm. 
Milking conditions must be as hygienic as possible; the milking system 
designed to avoid aeration, the cooling equipment correctly dimensioned. 

To meet the hygienic requirements, dairy farms have special rooms for 
refrigerated storage. Bulk cooling tanks are also becoming more common. 
These tanks, figure 5.2, with a capacity of 250 to 10 000 litres, are fitted 
with an agitator and cooling equipment to meet certain stipulations — for 
example that all the milk in the tank should be chilled to below +4°C within 
2 hours of milking. 

Larger farms, producing large quantities of milk, often install separate 
coolers for chilling the milk before it arrives in the tank, figure 5.1. This saves 
mixing warm milk from the cow with the already chilled contents of the tank. 

The dairy room should also contain equipment for cleaning and disinfect- 
ing the utensils, pipe system and bulk cooling tank. 


Delivery to the dairy 

The raw milk arrives at the dairy in churns or in insulated road tankers, the 
latter being used only in combination with bulk cooling tanks at the farm. 
The requirements are the same for both methods — the milk must be kept 
well chilled and free from air and treated as gently as possible. For example, 
churns and tanks should be well filled in order to prevent the milk from 
sloshing around in the container. 


Churn collection 

Milk is transported in churns of various sizes, the most common being of 30 
or 50 litres capacity. The churns are taken from the farm to the roadside. 
This should be done just before the arrival of the collecting lorry. The churns 
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should be protected from the sun by a tarpaulin or a shelter, figure 
5.4, or even better by a loose insulating cover of polystyrene, 
figure 5.3. 

Milk collecting centres should be established in certain 
regions where there is no road to the dairy farm, 
when water and/or electricity are not available on 
the farm or when the milk quantities are too small to 
justify investment in cooling facilities. The centres 
can be organised in different ways and in accord- 
ance with the prevailing situation. The farmers have 
several alternatives. Uncooled milk in churns or 
cooled milk in insulated tanks can be delivered at 
certain road junctions, directly to tankers. Uncooled 
milk can also be delivered in churns to centrally 
placed cooling stations, figure 5.5. Another alterna- 
tive is that neighbouring farmers deliver their un- 
cooled milk in churns to a larger farm. 

The churn-collecting lorry follows a carefully 
planned schedule so that it always arrives at each 
collection point at the same time. After having been loaded onto the plat- 
form of the lorry the churns should always be covered with a tarpaulin for 
protection against the sun and dust. The lorry returns to the dairy as soon 
as the churns have been collected from all the farms on its route. 

Each farm usually has a code number which is stamped on the churns. It 
is used by the dairy when calculating how much money the farmer should 
be paid. 

Milk from diseased cows must not be supplied to the dairy together with 
milk from healthy animals. Milk from stock treated with antibiotics must be 
kept separate from other milk. Such milk cannot be used for products 
based on bacteria cultures, as the antibiotic strain will kill the bacteria. This 
applies to cultured milk products, cheese and butter, etc. Minute amounts 
of milk containing antibiotics can render enormous quantities of otherwise 
suitable milk unusable. 


Bulk collection 

When milk is collected by tanker it must be possible to drive all the way to 

the farm dairy room. The loading hose from the tanker is connected to the 

outlet valve on the farm cooling tank. The tanker is usually fitted with a flow 


meter and pump so that the volume is automatically recorded. Otherwise Fig. 5.5 Farmers deliver uncooled milk 
the volume is measured by recording the level difference which, for the size in churns to centrally placed cooling 
of the tank in question, represents a certain volume. In many cases the stations 


tanker is equipped with an air eliminator. 
Pumping is stopped as soon as the cooling tank has been emptied. This 


prevents air from being mixed into the milk. The tank of the bulk LIE 
collection vehicle is divided into a number of compartments to LEE 
prevent the milk from sloshing around during transporta- A o 
tion. Each compartment is filled in turn, and when ime 
the tanker has completed its scheduled round it 
delivers the milk to the dairy. = 


Testing milk for quality / AIP 
Milk from sick animals and milk which f ? 
contains antibiotics or sediment must not 4 
be accepted by the dairy. Even traces of 
antibiotics in milk can render it unsuitable 
for the manufacture of products which are 
acidified by the addition of bacteria cultures, 
e.g. yoghurt and cheese. 
Normally only a general assessment of the 
milk quality is made at the farm. The composi- 
tion and hygienic quality is usually determined in 
a number of tests on arrival at the dairy. The out- Fig. 5.6 Bulk collection at the farm 
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come of some of these tests has a direct bearing on the money paid to the 
farmer. 
The following are the most common tests carried out on milk supplies. 


Taste and smell 

In the case of bulk collection, the driver takes a sample of the milk at the 
farm for testing at the dairy. Churn collected milk is sampled at the churn 
reception department. Milk that deviates in taste and smell from normal milk 
receives a lower quality rating. This affects the payment to the producer. 
Milk with significant deviations in taste and smell should be rejected by the 
dairy. 


Cleaning checks 

The inside surfaces of farm tanks and churns are carefully inspected. Any 
milk residue is evidence of inefficient cleaning and will result in a deduction 
in accordance with a quality payment scheme. 


Fig. 5.7 Milk from animals treated with 
antibiotics must be kept separate from 


Sediment tests 
other milk 


This applies only to churns. A sample is taken with a pipette from the bot- 
tom of a churn and is then passed through a filter. A quality deduction is 
made if visible impurities are retained by the filter. 


Hygiene or Resazurin tests 

The bacteria content of the milk is a measure of its hygienic quality. The 
Resazurin Tests are used frequently. Resazurin is a blue dye which becomes 
colourless when it is chemically reduced by the removal of oxygen. When it 
is added to the milk sample, the metabolic activity of the bacteria present 
has the effect of changing the colour of the dye at a rate which bears a 
direct relationship to the number of bacteria in the sample. 

Two hygiene tests use this principle. One is a quick-screening test, which 
\ \ \ may form the basis for the rejection of a bad churn supply. If the sample 
ee | starts to change shade immediately, the consignment is considered unfit for 


== 
i j human consumption. 
il S i t The other test is a routine test and involves storage of the sample in a 
B refrigerator overnight, before a Resazurin solution is added. The sample is 
then incubated in a water bath and held at 37.5 °C for two hours. 


Somatic cell count 

A large number (more than 500 000/ml of milk) of somatic cells in the milk 
indicates that the cows are suffering from udder diseases. The cell content 
is determined with specially designed particle counters (Coulter counter, 
etc.). 


Fig. 5.8 Analysing milk samples. 


Bacteria count 
A simplified form of bacteria count can also be used to assess the bacteria 
content. In this, the Leesment method, the bacteria are cultivated at 30 °C 
for 72 hours in a 0.001 ml milk sample with a nutritive substrate. The bacte- 
ria count is determined with a special screen. 

The common tests carried out 


on milk supplies are: 
e taste and smell 

e cleaning 

© sediment 

e hygiene 

e somatic cell count 
e bacteria count 

e protein content 

e fat content 

e freezing point 
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Protein content 

Many dairies pay the farmers according to the protein content of the milk. 
This is analysed by means of instruments operating with infrared rays. Up to 
300 analyses/hour can be performed. 


Fat content 
Various methods can be used to determine the butterfat content. The Ger- 
ber test is the most widely used method for whole milk. 


Freezing point 


Many dairies check the freezing point of the milk to determine whether or 
not it has been diluted with water. Milk of normal composition has a freezing 
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point of -0.54 to -0.59 °C. The freezing point will rise 
if water is added to the milk. Special instruments are 
used for this check. 


Milk reception 
Dairies have special reception departments to 
handle the milk brought in from the farms. The first 
thing done at reception is to determine the quantity 
of the milk. The quantity is recorded and entered into 
the weighing system that the dairy uses to weigh the 
intake and compare it with the output. 

The quantity of the intake can be measured by vol- 
ume or by weight. 


Churn reception 
The milk in the churns is weighed in. The chums arrive from the 

lorry on a conveyor. On the way the lids are automatically removed. 

At the weighing station the milk is automatically emptied into a weighing 
bowl which indicates the quantity. The weighing machine operator enters 
the quantity against the identification of the producer. The weighing-in sys- 
tem is often designed so that the operator enters the producer identification 
on a keyboard before weighing in all the churns from that producer, figure 
5.9. The weights are then automatically totalled and recorded against the 
identification. The identification for the next supplier is then entered by the 
operator, and the process is repeated until all the milk has been weighed in. 

The weighing equipment must be well maintained and checked every 
day to ensure accuracy. 

From weighing-in, the raw milk is pumped to storage tanks to await 
processing. 

The empty churns are conveyed to a cleaning station, where they are 
washed with water and detergent to remove all traces of milk. In some 
cases the clean churns continue to another station to be filled with feed- 
stuff, which may be skimmilk, buttermilk or whey. Finally the churns contin- 
ue to a loading dock to await return to the farm. 


Fig. 5.9 Churn reception. Weighing and 
recording of milk. 


Tanker reception 
Tankers arriving at the dairy drive straight into a reception hall, often large 
enough to accommodate several vehicles. 

The milk is measured either by volume or by weight. 


Measuring by volume 

This method uses a flowmeter. It registers the air in the milk as well as the 
milk, so the results are not always reliable. It is important to prevent air from 
entering with the milk. Measuring can be improved by fitting an air eliminator 
before the flowmeter, figure 5.11. 


Fig. 5.10 Measuring milk intake in a 
tanker reception hall 
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Fig. 5.11 Measuring by volume. 
1 Air eliminator 

2 Pump 

3 Filter 

4 Metering device 


To 
storage 
tanks 


The tanker outlet valve is connected to an air eliminator and from this the 
milk — free from air — is pumped through the flowmeter, which continuously 
indicates the total flow. When all the milk has been delivered, a card is 
placed in the meter for recording the total volume. 

The pump is started by the control equipment which senses when the 
milk in the air eliminator has reached the preset level for preventing air from 
being sucked into the line. The pump is stopped as soon as the milk level 
drops below a certain level. 

After measuring, the milk is pumped to a storage (silo) tank. 


Measuring by weight 
Bulk-collected milk can be weighed in in two ways: 
e by weighing the tanker before and after unloading and 
then subtracting one value from the other, figure 5.12. 
-o by using special weighing tanks with load cells in 
the feet, figure 5.13. 
In the first alternative, the tanker is driven onto a 
weighbridge at the dairy. Operation may be manual or 
automatic. If manual, the operator records the weight 
against the drivers code number. Where operation is 
automatic, the necessary data are recorded when 
the driver places a card in a card scanner. Before 
being weighed the tanker normally passes a vehicle 
washing station. This is of special importance when 
the weather is bad. 


Fig. 5.12 Tanker on a weighbridge. 


Fig. 5.13 Milk reception via a weighing tank 
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When the gross weight of the tanker has been recorded, the milk is 
delivered into the dairy. This may take place in line with a de-aerator but not 
a flowmeter. When empty, the tanker is weighed again and the tare weight 
is deducted from the previously recorded gross weight. 

When the weighing-tank method is used, the milk is pumped from the 
tanker into a special tank with load cells built into the feet. The cells supply 
an electric signal that is always proportional to the weight of the tank. The 
strength of the signal increases with the weight of the tank as the milk en- 
ters the tank. The weight of the contents in the tank can be recorded when 
all the milk has been delivered. After this the milk is pumped to a silo tank. 


Tanker cleaning 
Tankers are cleaned every day, as a rule at the end of a collection round. If 
the tanker makes several rounds a day, cleaning should take place after 
each round. Cleaning can be carried out by connecting the tanker to a 
cleaning system while in the reception area or by driving it to a special 
cleaning station. 

Many dairies also clean the outside of their tankers every day so that 
they always look clean when they are on the road. 


Chilling the incoming milk 

Normally a temperature increase to slightly above + 4 °C is unavoidable 
during transportation. The milk is therefore usually cooled to below + 4 °C in 
a plate heat exchanger before being stored in a silo tank to await process- 
ing. 


Raw milk storage 

The untreated raw milk — whole milk — is stored in large vertical tanks — silo 
tanks — which have capacities from about 25 000 litres up to 150 000 litres. 
Normally, capacities range from 50 000 to 100 000 litres. Smaller silo tanks 
are often located indoors while the larger tanks are placed outdoors to 
reduce building costs. Outdoor silo tanks are of double-wall construction, 
with insulation between the walls. The inner tank is of stainless steel, pol- 
ished on the inside, and the outer wall is usually of welded sheet metal. 


Agitation in silo tanks 
These large tanks must have some form of agitation arrangement to prevent 
cream separation by gravity. The agitation must be very smooth. Too violent 
agitation causes aeration of the milk and fat globule disintegration. This 
exposes the fat to attack from the lipase enzymes in the milk. Gentle agita- 
tion is therefore a basic rule in the treatment of milk. The tank in the illustra- 
tion 5.14 has a propeller agitator, often used with good results in silo tanks. 
In very high tanks it may be necessary to fit two agitators at different levels 
to obtain the required effect. 

Outdoor silo tanks have a panel for ancillary equipment. The panels on 
the tanks all face inwards towards a covered central control station. 


Tank temperature indication 

The temperature in the tank is indicated on the tank control panel. Usually 
an ordinary thermometer is used, but it is becoming more common to use 
an electric transmitter, which transmits signals to a central monitoring sta- 
tion. 


Level indication 

There are various methods available for measuring the milk level in a tank. 
The pneumatic level indicator measures the static pressure represented by 
the head of liquid in the tank. The greater the pressure, the higher the level 
in the tank. The indicator transmits readings to an instrument. 


Fig. 5.14 Silo tank with propeller agitator 
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Low-level protection 

All agitation of milk must be gentle. The agitator must therefore not be start- 
ed before it is covered with milk. An electrode is often fitted in the tank wall 
at the level required for starting the agitator. The agitator stops if the level in 
the tank drops below the electrode. This electrode is known as the low-level 
indicator (LL). 


Overflow protection 

A high-level electrode (HL) is fitted at the top of the tank to prevent overfill- 
ing. This electrode closes the inlet valve when the tank is full, and the milk 
supply is switched to the next tank. 


Empty tank indication 

During an emptying operation, it is important to know when the tank is 
completely empty. Otherwise any milk remaining when the outlet valve has 
closed will be rinsed out and lost during the subsequent cleaning proce- 
dure. The other risk is that air will be sucked into the line if emptying contin- 
ues after the tank is dry. This will interfere with later treatment. Consequently 
an electrode, lowest low level, (LLL) is often located in the drainage line to 
indicate when the last of the milk has left the tank. The signal from this 
electrode is used to switch to another tank or to stop emptying. 


Fig. 5.15 Silo tank with alcove for manhole, 
indicators, etc. 

1 Agitator 

2 Manhole 

3 Temperature indicator 

4 Low-level electrode 

5 Pneumatic level indicator 

6 High-level electrode 
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Building-blocks of 
dairy processing 


The following chapter describes the frequently used components in dairy 
processing. It covers only those components which are used in liquid 
milk processing. Cheesemaking equipment, buttermaking machines, etc. 
are described in chapters on the respective processes. 
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Heat exchangers 


The purposes of heat treat- 
ment 


By the end of the 19th century, heat treatment of milk had become so com- 
monplace that most dairies used the process for some purpose or another, 
such as for milk intended for cheese and butter production. 

Before heat treatment was introduced, milk was a source of infection, as 
it is a perfect growth medium for micro-organisms. Diseases such as tuber- 
culosis and typhus were sometimes spread by milk. 

The term “pasteurisation” commemorates Louis Pasteur, who in the 
middle of the 19th century made his fundamental studies of the lethal effect 
of heat on micro-organisms and the use of heat treatment as a preservative 
technique. The pasteurisation of milk is a special type of heat treatment 
which can be defined as “any heat treatment of milk which secures the 
certain destruction of tubercle bacillus (T.B.) without markedly affecting the 
physical and chemical properties”. 

In considering the history of pasteurisation it is worth mentioning that 
although scientists everywhere agreed fairly closely on the necessary de- 
gree of heat treatment, the process was very loosely controlled in commer- 
cial practice for a long time. Milk was frequently either overheated or under- 
heated, so that it either had a cooked flavour or was found to contain viable 
T.B. 

In the middle of the 1930s (JDR:6/191) Kay and Graham announced the 
detection of the phosphatase enzyme. This enzyme is always present in raw 
milk and is destroyed by the temperature/time combination necessary for 
efficient pasteurisation. In addition, its presence or absence is easily con- 
firmed (Phosphatase test acc. to Scharer). The absence of phosphatase 
indicates that the milk has been adequately heated. 

Fortunately, all common pathogenic organisms likely to occur in milk are 
killed by relatively mild heat treatment which has only a very slight effect on 
the physical and chemical properties of milk. The most resistant organism is 
the tubercle bacillus (T.B.), which is considered to be killed by heating milk 
to 68°C for 10 minutes. Complete safety can be assured by heating milk to 
63°C for 30 minutes. T.B. is therefore regarded as the index organism for 
pasteurisation: any heat treatment which destroys T.B. can be relied upon 
to destroy all other pathogens in milk. 

Apart from pathogenic micro-organisms, milk also contains other sub- 
stances and micro-organisms which may spoil the taste and shorten the 
shelf life of various dairy products. Hence a secondary purpose of heat 
treatment is to destroy as many as possible of these other organisms and 
enzymatic systems. This requires more intense heat treatment than is need- 
ed to kill the pathogens. 

This secondary purpose of heat treatment has become more and more 
important as dairies have become larger and less numerous. Longer inter- 
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It is extremely fortunate that 
none of the major pathogens in 
milk form spores. 
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Fig. 6.1.1 Lethal effect on bacteria. 
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vals between deliveries mean that, despite modern cooling techniques, 
micro-organisms have more time to multiply and to develop enzymatic 
systems. In addition, the constituents of the milk are degraded, the pH 
drops, etc. To overcome these problems, heat treatment must be applied 
as quickly as possible after the milk has arrived at the dairy. 


Time/temperature combination 


The combination of temperature and holding time is very important, as it 
determines the intensity of the heat treatment. Figure 6.1.1 shows lethal 
effect curves for Coliform bacteria, Tyohus bacteria and Tubercle bacilli. 
According to these curves, coliform bacteria are killed if the milk is heated to 
70°C and held at that temperature for about one second. At a temperature 
of 65°C it takes a holding time of 10 seconds to kill coliform bacteria. These 
two combinations, 70°C/1 s and 65°C/10 s, consequently have the same 
lethal effect. 

Tubercle bacilli are more resistant to heat treatment than coliform bacte- 
ria. A holding time of 20 seconds at 70°C or about 2 minutes at 65°C is 
required to ensure that they are all destroyed. There might also be heat 
resistant micrococci in milk. As a rule they are completely harmless. 


Limiting factors for heat treatment 


Intense heat treatment of milk is desirable from the microbiological point of 
view. But such treatment also involves a risk of adverse effects on the ap- 
pearance, taste and nutritional value of the milk. Proteins in milk are dena- 
tured at high temperatures. This means that the cheesemaking properties of 
milk are drastically impaired by intense heat treatment. Intense heating 
produces changes in taste; first cooked flavour and then burnt flavour. The 
choice of time/temperature combination is therefore a matter of optimisation 
in which both microbiological effects and quality aspects must be taken into 
account. 

Since heat treatment has become the most important part of milk 
processing, and knowledge of its influence on milk better understood, vari- 
ous categories of heat treatment have been initiated as shown in table 
6.1.1. 


Table 6.1.1 
The main categories of heat treatment in the dairy industry 


Process Temperature Time 
Thermisation 63 - 65°C 15s 
LTLT pasteurisation of milk 63°C 30 min 
HTST pasteurisation of milk 72-75°C 15-20s 
HTST pasteurisation of cream etc. >80°C 1-5s 
Ultra pasteurisation 125 - 138°C 2-4s 
UHT (flow sterilisation) normally 135 - 140°C a few seconds 
Sterilisation in container 115 - 120°C 20 - 30 min 


Thermisation 

In many large dairies it is not possible to pasteurise and process all the milk 
immediately after reception. Some of the milk must be stored in silo tanks 
for hours or days. Under these conditions, even deep chilling is not enough 
to prevent serious quality deterioration. 

Many dairies therefore preheat the milk to a temperature below the pas- 
teuration temperature to temporarily inhibit bacterial growth. This process is 
called thermisation. The milk is heated to 63 - 65°C for about 15 seconds, 
a time/temperature combination that does not inactivate the phosphatase 
enzyme. Double pasteurisation is forbidden by law in many countries, so 
thermisation must stop short of pasteurisation conditions. 
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To prevent aerobic spore-forming bacteria from multiplying after thermi- 
sation, the milk must be rapidly chilled to 4°C or below and it must not be 
mixed with untreated milk. Many experts are of the opinion that thermisation 
has a favourable effect on certain spore-forming bacteria. The heat treat- 
ment causes many spores to revert to the vegetative state, which means 
that they are destroyed when the milk is subsequently pasteurised. 

Thermisation should be applied only in exceptional cases. The objective 
should be to pasteurise all the incoming milk within 24 hours of arrival at the 
dairy. 


LTLT pasteurisation 
The original type of heat treatment was a batch process in which milk was 
heated to 68°C in open vats and held at that temperature 


for 30 minutes. This method is called the holder method 55 pone 
or low temperature, long time (LTLT) method. 2h 2 

Nowadays milk is almost always heat treated in con- ThA, o 
tinuous processes like thermisation, HTST pasteurisation 38 min or & 
or UHT treatment. 10 min Ry 

5 min 
HTST pasteurisation omin| A 
HTST is the abbreviation of High Temperature Short 1 min “6 ` 
Time. The actual time/temperature combination varies 3 k UA 1 
according to the quality of the raw milk, the type of prod- fis KA ey, 
uct treated, and the required keeping properties. 2h “SN Q 20, 
Milk f O X 
Up 

The HTST process for milk involves heating it to 72 — nS 65 70 75 80 85 90 


75°C with a hold of 15 — 20 seconds before it is cooled. 

The phosphatase enzyme is destroyed by this time/temperature combina- 
tion. The phosphatase test is therefore used to check that milk has been 
properly pasteurised. The test result must be negative: there must be no 
detectable phosphatase activity. Figure 6.1.2. 


Cream and cultured products 

Phosphatase tests should not be used for products with fat contents above 
8%, as some reactivation of the enzyme takes place a fairly short time after 
pasteurisation. The heat treatment must also be stronger, as fat is a poor 
heat conductor. 

Peroxidase, another enzyme, is therefore used for checking the pasteuri- 
sation results for cream (Peroxidase test acc. to Storch). The product is 
heated to a temperature above 80°C, with a holding time of about 5 sec- 
onds. This more intense heat treatment is sufficient to inactivate peroxidase. 
The test must be negative — there must be no detectable peroxidase activity 
in the product. Figure 6.1.2. 

As the phosphatase test cannot be used for acidified products either, 
heating control is based on the peroxidase enzyme. Milk intended for cul- 
tured milk production is normally subjected to intense heating to coagulate 
whey proteins and increase its water-binding properties (prevent formation 
of whey). 


Ultra pasteurisation 
Ultra pasteurisation can be utilised when a particular shelf life is required. 
For some manufacturers two extra days are enough, whereas other aim for 
a further 30 —- 40 days on top of the 2 — 16 days which is traditionally as- 
sociated with pasteurised products. The fundamental principle is to reduce 
the main causes of reinfection of the product during processing and pack- 
aging so as to extend the shelf life of the product. This requires extremely 
high levels of production hygiene and a distribution temperature of no more 
than 7°C — the lower the temperature the longer the shelf life. 

Heating milk to 125 — 138°C for 2 — 4 seconds and cooling it to <7°C is 
the basis of extended shelf life. ESL, Extended Shelf Life, is a general term 
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Heating and cooling are the 
most important operations in 
the dairy. 


for heat treated products which have been given improved keeping qualities 
by one means or another. Nevertheless, ESL products must still be kept 
refrigerated during distribution and in the retail stores. 


UHT treatment 

UHT is the abbreviation for Ultra High Temperature. UHT treatment is a 
technique for preserving liquid food products by exposing them to brief, 
intense heating, normally to temperatures in the range of 135 — 140°C. This 
kills micro-organisms which would otherwise destroy the products. 

UHT treatment is a continuous process which takes place in a closed 
system that prevents the product from being contaminated by airborne 
micro-organisms. The product passes through heating and cooling stages 
in quick succession. Aseptic filling, to avoid reinfection of the product, is an 
integral part of the process. 

Two alternative methods of UHT treatment are used: 

e Indirect heating and cooling in heat exchangers, 
e Direct heating by steam injection or infusion of milk into steam and 
cooling by expansion under vacuum. 


Sterilisation 
The original form of sterilisation, still used, is in-container sterilisation, usually 
at 115 — 120°C for some 20 - 30 minutes. 

After fat standardisation, homogenisation and heating to about 80°C, the 
milk is packed in clean containers — usually glass or plastic bottles for milk, 
and cans for evaporated milk. The product, still hot, is transferred to auto- 
claves in batch production or to a hydrostatic tower in continuous produc- 
tion. 


Preheating 

Normally the desired processing temperatures are reached directly after 
pasteurisation, but sometimes it is necessary to cool and store the milk 
temporarily, before the final processing is done. Some examples are given 
below. 

Cheese milk is preheated to 30 - 35°C prior to the vat, where a final 
temperature adjustment is made before the rennet is added. Hot water is 
used as the heating medium. Warm whey from a previous batch can also 
be utilised for a first preheating step, in order to cut the heating costs. 

Yoghurt milk is preheated to 40 - 45°C prior to the fermentation tank, 
where the addition of culture takes place. Hot water is used as the heating 
medium. 

Milk can also be preheated before addition of other ingredients, like 
chocolate powder, sugar, fats, etc., needed in different milk-based food 
products. 


Heat transfer processes in the dairy 

One of the most important requirements of modern dairying is to be able to 
control the temperature of products at every stage in the process. Heating 
and cooling are therefore very common operations in the dairy. 


Heating 

Milk is heated by a heating medium such as low-pressure steam (very sel- 
dom used nowadays) or hot water. A certain amount of heat is transferred 
from the heating medium to the milk so that the temperature of the latter 
rises and the temperature of the heating medium drops correspondingly. 


Cooling 

Directly after arrival at the dairy the milk is often cooled to a low tempera- 
ture, 5°C or lower, to temporarily prevent growth of micro-organisms. Fol- 
lowing pasteurisation the milk is also cooled to a low temperature, about 

4°C. 
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If naturally cold water is at hand this water may be utilised for pre-cooling 
after pasteurisation and regenerative heat exchange. In all cases heat is 
transferred from the milk to the cooling medium. The temperature of the 
milk is reduced to the desired value and the temperature of the cooling 
medium rises correspondingly. The cooling medium may be cold water, ice 
water, brine solution or an alcohol solution such as glycol. 


Regenerative heating and cooling 

In many cases a product must first be heated for a certain treatment and 
then cooled. Pasteurisation of milk is an example. Chilled milk is heated 
from, perhaps, 4°C to a pasteurisation temperature of 72°C, held at that 
temperature for 15 seconds and then chilled to 4°C again. 

The heat of the pasteurised milk is utilised to warm the cold milk. The 
incoming cold milk is pre-heated by the outgoing hot milk, which is simulta- 
neously pre-cooled. This saves heating and refrigeration energy. The pro- 
cess takes place in a heat exchanger and is called regenerative heat ex- 
change or, more commonly, heat recovery. As much as 94 — 95% of the 
heat content of the pasteurised milk can be recycled. 


H eat tr. ans fer theo ry Fig. 6.1.3 Heat transfer by conduction. 


Two substances must have different temperatures in order to transfer heat P o RA A a á 
from one substance to another. Heat always flows from the warmer sub- 
stance to the colder. The heat flow is rapid when the temperature difference 
is great. During heat transfer, the difference in temperature is gradually re- 
duced and the rate of transfer slows down, ceasing altogether when the 
temperatures are equalised. 

Heat can be transferred in three ways: by conduction, convection and 
radiation. 
e Conduction means transfer of thermal energy through solid bodies and 
through layers of liquid at rest (without physical flow or mixing in the direc- 
tion of heat transfer). Figure 6.1.3 shows an example of heat conduction to 
a teaspoon in a cup of hot coffee. Heat is transferred by conduction to the 
handle, which becomes warmer. 
e Convection is a form of heat transfer that occurs when particles with a 
high heat content are mixed with cold particles and transfer their heat to the 
latter by conduction, figure 6.1.4. Convection consequently involves mixing. Fig. 6.1.4 Heat transfer by convection. 
If the teaspoon is rinsed with running cold water, heat is transferred from the | Example: The spoon is rinsed in running 
spoon to the water, which is heated in the process. The heated water is cold water. Heat is absorbed by the — 
replaced by cold water, which in turn absorbs heat from the spoon. Heat eae stl emg aes eee 
transfer by convection continues until the spoon and the running water have eae oer ee 
the same temperature. 
e Radiation is the emission of heat from a body which has accumulated 
thermal energy, figure 6.1.5. The thermal energy is converted into radiant 
energy, emitted from the body and absorbed by other bodies which it 
strikes. Almost all substances emit radiant energy. 


© De 
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conduction. Two principles are used: direct and indirect heating. 


Direct heating 
Direct heating means that the heating medium is mixed with the product. 
This technique is used: Fig. 6.1.5 Heat transfer by radiation. 

e to heat water. Steam is injected directly into the water and transfers heat Example: A roof accumulates solar heat 

to the water by both convection and conduction. ms the day and radiates the heat at 
e to heat products such as curd in the manufacture of certain types of oe 

cheese (by mixing hot water with the curd) and to sterilise milk by the 

direct method (steam injection or infusion of milk into steam). 
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The direct method of heat transfer is efficient for rapid heating. It offers 
certain advantages which will be considered in Chapter 9 on long life milk 
production. It does, however, involve mixing the product with the heating 
medium, and this necessitates certain steps in the subsequent process. It 
also makes strict demands on the quality of the heating medium. Direct 
heating is forbidden by law in some countries on the grounds that it intro- 
duces foreign matter into the product. 


Indirect heating 

Indirect heat transfer is therefore the most commonly used method in dair- 
ies. In this method a partition is placed between the product and the heat- 
ing or cooling medium. Heat is then transferred from the medium through 
the partition into the product, see figure 6.1.6. 

We assume that the heating medium is hot water, flowing on one side of 
the partition, and cold milk on the other. The partition is consequently heat- 
ed on the heating-medium side and cooled on the product side. In a plate 
heat exchanger the plate is the partition. 

There is a boundary layer on each side of the partition. The velocity of 
the liquids is slowed down by friction to almost zero at the boundary layer in 
Fig. 6.1.6 Heat is transferred from a contact with the partition. The layer immediately outside the boundary layer 
heating medium to a cold product on the — jg only slowed down by the liquid in the boundary layer and therefore has a 
other side of the partition. low velocity. The velocity increases progressively, and is highest at the cen- 

tre of the channel. 

Similarly, the temperature of the hot water is highest in the middle of the 
channel. The closer the water is to the partition, the more it is cooled by the 
cold milk on the other side. Heat is transferred, by convection and conduc- 
tion, to the boundary layer. Transfer from the boundary layer through the 
wall to the boundary layer on the other side is almost entirely by conduction, 

°C while further transfer to the milk in the central zone of the channel is accom- 


tias plished by both conduction and convection. 
T The heat exchanger 
on A heat exchanger is used to transfer heat by the indirect method. 
toz Several different types will be described later. It is possible to simplify 


ie heat transfer by representing the heat exchanger symbolically as two chan- 
l ! nels separated by a tubular partition. 
l Time Hot water (red) flows through one channel and milk (blue) through the 
l i other. Heat is transferred through the partition. The hot water enters the 
toi ti channel at a temperature of t,, and is cooled to a temperature of t,, at the 
= <= __ outlet. Milk enters the heat exchanger at a temperature of t, and is heated 
by the hot water to an exit temperature of t,,. The temperature changes 
during passage through the heat exchanger are shown by the curves in 
tf Jie figure 6.1.7. 


t°C Heat flow 


Fig. 6.1.7 Temperature profiles for heat Dimensi oning data f or a heat exchanger 

transfer in a heat exchanger. The necessary size and configuration of a heat exchanger depend on many 
factors. The calculation is very intricate and is nowadays normally done with 
the aid of a computer. The factors that must be considered are : 


Product flow rate 

Physical properties of the liquids 
Temperature program 

Permitted pressure drops 

Heat exchanger design 
Cleanability requirements 
Required running times 


The general formula for calculating the required size (heat transfer area) of a 
heat exchanger is: 
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At_ xk 


Required heat transfer area 

Product flow rate 

Density of the product 

Specific heat of the product 

Temperature change of the product 

Logarithmic mean temperature difference (LMTD) 
Overall heat transfer coefficient 


AGbDRboOD <p> 


Product flow rate 
The flow rate, V, is determined by the planned capacity of the dairy. The high- 
er the flow rate, the larger the heat exchanger needed. 

Example: If the product flow rate in a plant is to be increased from 
10 000 I/h to 20 000 I/h, the heat exchanger must be extended to twice the 
original size, provided the flow rates of the service media are also doubled, 
other factors being constant. 


Physical properties of the liquids 
The density figure, p, is determined by the product. 

The figure for specific heat, Cp is also detemined by the product. The 
specific heat tells how much heat must be supplied to a substance in order 
to increase its temperature by 1°C. 

Another important physical property is viscosity. This will be discussed in 
the section on overall heat transfer coefficient below. 


Temperature program 
The object of heat transfer is to heat or cool a given quantity of a product, 
such as milk, from a given inlet temperature to a given outlet temperature. 
This is accomplished in a heat exchanger with the help of a service medium, 
such as water. In the case of heating, milk is heated with hot water, the tem- 
perature of which drops correspondingly. 

Several aspects of the temperature program must be considered: the 
change of temperatures, the differential temperature between the liquids and 
the flow direction of the liquids. 


Temperature change 

Inlet and outlet temperatures of the product are determined by preceding and 
subsequent process stages. The change of product temperature is marked 
At in the general formula above. It can be expressed as: 

At, = t47 t4. See also figure 6.1.7. 

The inlet temperature for the service medium is determined by processing 
conditions. The temperature for outgoing service medium can be calculated 
by an energy balance calculation. 

For a modern heat exchanger the energy losses to the surrounding air can 
be neglected, as they are very small. Thus the heat energy given off by the 
hot liquid is equal to the heat energy absorbed by the cold liquid, i.e. an ener- 
gy balance. It can be expressed as the following formula: 


V; x P4 X Cp1 x At, = Va X P3 X Cp2 x At 


Example: 20 000 I/h cheese milk (V,) is to be heated from 4°C to 34°C by 
30 000 I/h hot water (V,) at 50°C. Density (p) and specific heat (c_) for milk 
are about 1020 kg/m? and 3.95 kJ/kg, K and for water 990 (at 50°C) and 
4.18. 

The temperature change for the hot water can then be calculated: 
20 000 x 1 020 x 3.95 x (84 - 4) = 30 000 x 990 x 4.18 x At, 
At, = 19.5°C. The hot water temperature will drop by 19.5 from 50 to 30.5°C. 
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Fig. 6.1.8 Temperature profiles for heat 
transfer in a heat exchanger with coun- 
tercurrent flow. 
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Fig. 6.1.9 Temperature profiles for heat 
transfer in a heat exchanger with concur- 
rent flow. 
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Logarithmic mean temperature difference (LMTD) 

It has already been mentioned that there must be a difference in tem- 
perature between the two media for heat transfer to take place. The differ- 
ential temperature is the driving force. The greater the difference in tempera- 
ture, the more heat is transferred and the smaller the heat exchanger need- 
ed. For sensitive products there are, however, limits to how great a differ- 
ence can be used. 

The differential temperature can vary through the heat exchanger. A 
mean value, LTMD, is used for calculation. It is called At,, in the general 
formula above. It can be calculated by following formula, using the denomi- 
nations in figure 6.1.8. 


(t, z to) = (t2 a ta) 
j In (t2 = ta) 
(to. = ta) 


In the example with the cheese milk heater the logarithmic mean differ- 
ence temperature, At_, can be calculated as 20.8°C. 

An important factor in determining the mean temperature differential is 
the directions of the flow in the heat exchanger. There are two main options: 
countercurrent or concurrent flow. 


Countercurrent flow 

The temperature difference between the two liquids is best utilised if they 
flow in opposite directions through the heat exchanger, figure 6.1.8. The 
cold product then meets the cold heating medium at the inlet, and a pro- 
gressively warmer medium as it passes through the heat exchanger. During 
the passage the product is gradually heated so that the temperature is 
always only a few degrees below that of the heating medium at the corre- 
sponding point. This type of arrangement is called countercurrent flow. 


Concurrent flow 

With the opposite arrangement, figure 6.1.9, concurrent flow, both liquids 
enter the heat exchanger from the same end and flow in the same direction. 
In concurrent flow it is impossible to heat the product to a temperature 
higher than that which would be obtained if the product and the heating 
medium were mixed. This limitation does not apply in countercurrent flow; 
the product can be heated to within two or three degrees of the inlet tem- 
perature of the heating medium. 


Overall heat transfer coefficient 

This factor, k, is a measure of how efficient the heat transfer is. It tells how 
much heat passes through 1 m? of the partition per 1°C of differential tem- 
perature. The same factor is used to calculate insulation for buildings, al- 
though in that case the object is to make k as small as possible, whereas in 
a heat exchanger it shall be as high as possible. 

This factor depends on: 

e permitted pressure drops for the liquids 

the viscosities of the liquids 

the shape and thickness of the partition 

the material of the partition 

presence of fouling matter 


Permitted pressure drops 
In order to increase the value of k, and improve the heat transfer, it is possi- 
ble to reduce the size of the channel through which the product flows. This 
reduces the distance over which heat must be transferred from the partition 
to the centre of the channel. 

At the same time, however, the cross section area of flow is reduced. 


Dairy Processing Handbook/chapter 6.1 


This has two results: 

a. the flow velocity through the channel increases, which in turn 

b. makes the flow more turbulent. 

The greater the pressure drops for product and service media, the more 
heat is transferred and the smaller the heat exchanger needed. 

Products which are sensitive to mechanical agitation (e.g. milk fat) may, 
however, be damaged by violent treatment. The pressure drop across the 
heat exchanger also rises, so the product pressure before the heat ex- 
changer must be increased to force the product through the narrower chan- 
nels. It may then be necessary to install a booster pump. In some countries 
installation of a booster pump is specified in legal requirements, basically to 
secure a higher pressure on the product side and thus to prevent leakage of 
unpasteurised product into pasteurised product. 


Viscosity 

The viscosities of the product and the service medium are important to the 
dimensioning of a heat exchanger. A liquid with high viscosity develops less 
turbulence when it flows through the heat exchanger compared to a prod- 
uct with lower viscosity. This means a larger heat exchanger is needed, 
everything else being constant. For instance, a larger heat exchanger is 
needed for cream than for milk, if capacities and temperature programs are 
identical. 

Special attention must be paid to products with non-Newtonian flow 
behaviour. For these products the apparent viscosity depends not only on 
the temperature but also on the shear rate. A product which seems rather 
thick in a tank may flow much more readily when it is pumped through 
pipes or a heat exchanger. The flow behaviour of such products must be 
measured with special instruments so that correct calculations can be 
made. (See also Chapter 3, Rheology.) 


Shape and thickness of the partition 
The partition is often corrugated to create a more turbulent flow, which 
results in better heat transfer. Figure 6.1.10 shows three different designs. 
The thickness is also important. The thinner the partition, the better the 
heat transfer. But this must be balanced against the need for the partition to 
be strong enough to withstand the pressure of the liquids. Modern design 
and production techniques allow thinner partitions than were possible only a 
few years ago. 


Material of the partition 
For food processing the normal material is stainless steel, which has fairly 
good heat transfer characteristics. 


Presence of fouling matter 

Most dairy products are sensitive to heating, which must therefore be done 
very carefully to avoid changes in the products. Proteins will coagulate and 
encrust the inside of a hot saucepan if it is used to heat milk. The same 
thing happens in heat exchangers if the heat transfer surface is too hot. 

The differential temperature between heating medium and product 
should therefore be as small as possible, normally 2 — 3°C above the pas- 
teurisation temperature. If the surface is too hot in relation to the product, 
there is a risk that proteins in the milk will coagulate and be deposited in a 
thin layer on the partitions. Heat must then also be transferred through this 
layer, which will cause the value of the overall heat transfer coefficient k to 
drop. 

The differential temperature between heating medium and product will 
then no longer be sufficient to transfer the same amount of heat as before, 
and the temperature at the product outlet will drop. This can be compen- 
sated for by increasing the temperature of the heating medium, but this also 
raises the temperature of the heat transfer surface so that more protein 
coagulates on the surface, the thickness of the crust increases and the 
value of k drops still more. 
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Fig. 6.1.10 The shape of the partition in 
a plate heat exchanger may differ de- 
pending on the product to be treated 
and thermal efficiency requirements. 
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The value of k is also affected by an increase or decrease of the flow 
rate through the heat exchanger, as this affects the flow characteristics. 
Increasing the flow rate makes the flow more turbulent and increases the 
value of k. Throttling the flow makes it more laminar and reduces the value 
of k. It is therefore normally desirable to avoid variations in the flow rate 
through a heat exchanger, but for economic reasons it might be necessary 
to accept some variations in certain types of production. 


Example |n the previously considered case of the cheese milk heater, the 
heat transfer coefficient can be assumed to be about 5 000 W / m2,K, if a 
plate heat exchanger made of thin stainless steel is used and the plates are 
not much fouled. 
The other factors in the formula shown on page 81 are: 
— Flow rate = 20 000 I/h 
— Density = 1 020 kg/m? 
— Specific heat = 3.95 kJ/kg,K 
— Temperature change = 30°C 
— Temperature difference = 20.8°C 
— Heat transfer coefficient = 5 000 W /m?, K 
The necessary heat transfer surface can be calculated as: 


_ 20 000 x 1 020 x 3.95 x 30 
7 3 600 x 20.8 x 5 000 


= 6.5 m? 


This is to be considered as a theoretical value. In actual practice the sensi- 
tive nature of the product and the process demands must also be consid- 
ered. Two such factors, not included in the formula, are requirements for 
cleanability and running time. 


Cleanability requirement 

A heat exchanger in a dairy must be cleaned at the end of a production 
cycle. This is done by circulating detergents the same way as the milk. The 
cleaning process is described separately in Chapter 21. 

To achieve efficient cleaning, the heat exchanger must be designed not 
only to meet the required temperature program, but also with cleaning in 
mind. 

If some passages in the heat exchanger are very wide, i.e. have several 
parallel channels, the turbulence during cleaning may not be enough to 
remove fouling deposits effectively. On the other hand, if some passages 
are very narrow, i.e. few parallel channels, the turbulence may be so high 
that the pressure drop will be very great. Such a high pressure drop may 
reduce the flow velocity of the cleaning solution, thereby reducing its effec- 
tiveness. A heat exchanger must thus be designed to allow effective clean- 


ing. 


Running time requirement 
Some fouling always occurs when milk products are heated to a tempera- 
ture above 65°C. This means that there will always be a limited running time 
before the pasteuriser must be stopped for cleaning. 

The length of the running time is difficult, not to say impossible, to pre- 
dict, as it is determined by the amount of fouling formed. 

The rate of buildup of fouling depends on many factors such as: 
e Temperature difference between product and heating medium 
e Milk quality 
e Air content of the product 
e Pressure conditions in the heating section 
It is especially important to keep the air content as low as possible. Excess 
air in the product will greatly contribute to increased fouling. Under certain 
conditions, the running time may also be limited by growth of micro-organ- 
isms in the downstream part of the regenerative section of a plate heat 
exchanger. This is however rare; when it occurs it is usually related to the 
pre-treatment of the milk. 
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All this together makes it important to allow for cleaning at regular inter- 
vals when making production plans for pasteurisers. 


Regeneration 
The method of using the heat of a hot liquid, such as pasteurised milk, to 
preheat cold incoming milk is called regeneration. The cold milk also serves 
to cool the hot, thus economising on water and energy. Regeneration effi- 
ciencies of up to 94 - 95 % can be achieved in efficient modern pasteruri- 
sation plants. 

We can take the simplest operating profile — heat treatment of raw milk — 
as an example. Using the formula: 


(t, — t) x 100 


n tt) 


where 

R = regenerative efficiency % 

t, = milk temperature after regeneration (here = 68°C) 
t, = temperature of raw incoming milk (here = 4°C) 

b = pasteurisation temperature (here = 72°C) 


we obtain: 
(72-4) 


Holding 


Correct heat treatment requires that the milk is held for a specified time at 
pasteurisation temperature. This is done in an external holding cell. 

A holding cell usually consists of a pipe arranged in a spiral or zig-zag 
pattern and often covered by a metal shroud to prevent people from being 
burned if they touch the holding cell. The length of the pipe and flow rate 
are calculated so that the time in the holding cell is equal to the required 
holding time. 

Accurate control of the flow rate is essential because the holding equip- 
ment is dimensioned for a specified holding time at a given flow rate. The 
holding time changes in inverse proportion to the flow rate in the holding 
cell. 

Holding sections built into the plate heat exchanger were used earlier, 
but external holding cells are used almost exclusively nowadays. 


Calculation of holding time 

The appropriate tube length for the required holding time can be calculated 
when the hourly capacity and the inner diameter of the holding tube are 
known. As the velocity profile in the holding tube is not uniform, some milk 
molecules will move faster than the average. To ensure that even the fastest 
molecule is sufficiently pasteurised, an efficiency factor must be used. This 
factor depends on the design of the holding tube, but is often in the range 
of 0.8 - 0.9. 


Formula 


= Qx HT 3 
le Y= scien dm 


2. L Vx4 


xD? dm 
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Fig. 6.1.11 Shrouded spiral holding 
tube for long holding time. 


Fig. 6.1.12 Zig-zag holding tube. 
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Fig. 6.1.13 This type of flash pasteuris- 
er with a turbine-driven stirrer was 
manufactured and sold by AB Separator 
between 1896 and 1937. 


Fig. 6.1.14 The plate heat exchanger 
was patented in 1890 by the German 
inventors Langen and Hundhausen. 
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Data required for calculation: 


Q = flowrate at pasteurisation, I/h 

HT = holding time in seconds 

L = _ length of holding tube in dm, corresponding to Q and HT 

D = _ inner diameter of holding tube in dm, to be known or adapted 
to the other pipework 

V = volume of milk in | or dm? corresponding to Q and HT 

n = efficiency factor 


Example: A holding time (HT) of 15 sec is required in a pasteurisation 
plant with a capacity (Q) of 10 000 | per hour. The inner diameter (D) of the 
pipe to be used is 48.5 mm = 0.485 dm. Calculate the length (L) of the 
holding tube, with the efficiency factor of 0.85. 


= _10000x15 _ : 

1.V = 3600x085. 7 49.0 dm 

2.L = —49.0*4 = 965.5 dmor26.5m 
T x 0.4852 


The length of the holding tube should be about 26.5 m. 


Different types of heat exchangers 


The most widely used type of equipment at the end of the 19th century was 
the heater, one type of which is shown in figure 6.1.13. Despite its many 
shortcomings, this heat exchanger model was still in use in some dairies 
even in the 1950s. 

In 1878 a German, Albert Dracke, was granted a patent on an apparatus 
in which one liquid could cool another by each flowing in a layer on oppo- 
site sides of series of plates. It is not known whether any such patents, one 
of which covers the heat exchanger shown in figure 6.1.14, ever left the 
drawing board. However, at the beginning of the 1920s the old German 
ideas were reappraised, and a regenerative heat exchanger based on these 
concepts. Since then plate heat exchangers have assumed a predominant 
role for heating and cooling purposes in the dairy industry. 

The following three types of heat exchangers are the most widely used 
nowadays: e Plate heat exchanger 
Tubular heat exchanger 
Scraped-surface heat exchanger 


Plate heat exchangers 


Most heat treatment of dairy products is carried 
out in plate heat exchangers. The plate heat 
exchanger (often abbreviated PHE) consists of a 
pack of stainless steel plates clamped in a 
frame. 

The frame may contain several separate plate 
packs — sections — in which different stages of 
treatment such as preheating, final heating and 
cooling take place. The heating medium is hot 
water, and the cooling medium cold water, ice- 


water or propyl glycol, depending on the re- 
quired product outlet temperature. 

The plates are corrugated in a pattern de- 
signed for optimum heat transfer. The plate pack 
is compressed in the frame. Supporting points 
on the corrugations hold the plates apart so 
that thin channels are formed between them. 

The liquids enter and leave the channels 


Fig. 6.1.15 Principles of flow and heat transfer in a plate heat exchanger. 
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through holes in the corners of the plates. 
Varying patterns of open and blind holes 
route the liquids from one channel to the 
next. 

Gaskets round the edges of the plates 
and round the holes form the boundaries of 
the channels and prevent external leakage 
and internal mixing. 


Flow patterns 
The product is introduced through a cor- 
ner hole into the first channel of the sec- 


tion and flows vertically through the channel. It leaves at the other end Fig. 6.1.16 The system of parallel flow 
through a separately gasketed corner passage. The arrangement of the pattern for both product and heating/ 
corner passages is such that the product flows through alternate channels cooling medium channels. In this example 
in the plate pack. the combination is written 4 x 2/2 x 4. 


The service (heating or cooling) medium is introduced at the other end of 
the section and passes, in the same way, through alternate plate channels. 
Each product channel consequently has service medium channels on both 
sides. 

For efficient heat transfer the channels between the plates should be as 
narrow as possible; but both flow velocity and pressure drop will be high if a 
large volume of product must pass through these narrow channels. Neither 
of these effects is desirable and, to eliminate them, the passage of the 
product through the heat exchanger may be divided into a number of paral- 
lel flows. 

In figure 6.1.16 the blue product flow is divided into two parallel flows 
which change direction four times in the section. The channels for the red 
heating medium are divided into four parallel flows which change direction 
twice. 

This combination is written as 4 x 2 / 2 x 4, i.e. the number of passes 
times the number of parallel flows for the blue product over the number of 
passes times the number of parallel flows for the red service medium. This 
is called the grouping of the plates. 


Tubular heat exchangers 


Tubular heat exchangers (THE) are in some cases used for pasteurisation/ 
UHT treatment of dairy products. The tubular heat exchanger, figure 6.1.17, 
unlike plate heat exchangers, has no contact 
points in the product channel and can thus han- 
dle products with particles up to a certain size. 
The maximum particle size depends on the dia- 
meter of the tube. The tubular heat exchanger 
can also run longer between cleanings than the 
plate heat exchanger in UHT treatment. 

From the standpoint of heat transfer the tubu- 
lar heat exchanger is less efficient than a plate 
heat exchanger. 

Tubular heat exchangers are available in two 
fundamentally different types; multi/mono chan- 
nel and multi/mono tube. 


Multi/mono channel 
The heat transfer surface of a multichannel! tubu- 
lar heat exchanger, shown in figure 6.1.18, con- 
sists of straight tubes of different diameters con- 
centrically located on a common axis by headers Fig. 6.1.17 The tubular heat exchanger 
(1) at both ends. The tubes are sealed against tubes are assembled in a compact unit. 
the header by double O-rings (2), and the whole assembly is held to- 
gether by an axial compression bolt (8). 

The two heat exchange media flow in countercurrent in alternate 
annular channels between concentric tubes. The service medium is always 
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COM l 
IN i! 
Fig. 6.1.18 End of a \ 
multichannel tubular heat 
exchanger. 
1 Header 1 


Fig. 6.1.19 End of a multitube 

tubular heat exchanger. 

1 Product tubes surrounded by cooling 
medium 

2 Double O-ring seal 


> 


Fig. 6.1.20 Vertical type 
of scraped-surface heat 
exchanger. 
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supplied to the outermost channel. A header at each end acts as both 
distributor and collector, supplying one medium to one set of channels and 
discharging the medium from the other set. The corrugated configuration of 
the tubes keeps both media in a state of turbulence for maximum heat 
transfer efficiency. 
It is also possible to use this type of tubular heat ex- 
changer for direct product/product regeneration. 
The monochannel is a version with only one 
annular product channel enclosed between two con- 
centric channels for service medium. 


Multi/mono tube 

AD The multitube tubular heat exchanger operates on the 
3 classic shell and tube principle, with the product 
flowing through a group of parallel tubes and the 
service medium between and around the tubes. 
Turbulence for efficient heat transfer is created by 
helical corrugations on the tubes and shell. 

The heat transfer surface consists of a bundle of 
straight corrugated or smooth tubes (1) welded into 
tube plates at both ends, figure 6.1.19. The tube 
plates are in turn sealed against the outer shell by a 
double O-ring construction (2) (floating design). This 
design allows the product tubes to be taken out of 
the shell by unscrewing the end bolts. This makes the 
unit striopable for inspection. 

The floating design absorbs thermal expansion 
and the product tube bundles in the shell can be 
changed, allowing different combinations to be used 
for different applications. 

The monotube is a version with only one inner 
tube, which will permit particles with a diameter up to 50 mm to pass. 

Multi/mono tubes are well suited for processes operating at very high 
pressures and high temperatures. 


Scraped-surface heat exchanger 


The scraped-surface heat exchanger, figure 6.1.20, is designed for heating 
and cooling viscous, sticky and lumpy products and for crystallisation of 
products. The operating pressures on the product side are high, often as 
much as 40 bar. All products that can be pumped can therefore be treated. 

A scraped surface heat exchanger consists of a cylinder (1) through 
which the product is pumped in countercurrent flow to the service medium 
in the surrounding jacket. Exchangable rotors (2) of various diameters, from 
50.8 to 127 mm, and varying pin/blade (3) configurations allow adaptation 
to different applications. Smaller diameter rotors allow larger particles (up to 
25 mm) to pass through the cylinder, while larger diameter rotors result in 
shorter residence time and improved thermal performance. 

The product enters the vertical cylinder through the lower port and con- 
tinuously flows upwards through the cylinder. At process start-up, all the air 
is completely purged ahead of the product, allowing complete and uniform 
product coverage of the heating or cooling surface. 

The rotating blades continually remove the product from the cylinder 
wall, figure 6.1.21, to ensure uniform heat transfer to the product. In addi- 
tion, the surface is kept free from deposits. 

The product exits the cylinder via the upper port. Product flow and rotor 
speed are varied to suit the properties of the product flowing through the 
cylinder. 

At shut-down, thanks to the vertical design, the product can be dis- 
placed by water with minimum intermixing which helps assure product 
recovery at the end of every run. Following this, completely drainage facili- 
tates CIP and product changeover. 

As mentioned above, rotor and blades are exchangeable, an operation 
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which is possible owing to the automatic hydraulic lift that facilitates raising 
and lowering the rotor/blade assembly, figure 6.1.22. 

Typical products treated in the scraped-surface heat exchanger are 
jams, sweets, dressings, chocolate and peanut butter. It is also used for fats 
and oils for crystallisation of margarine and shortenings, etc. 

The scraped-surface heat exchanger is also available in versions de- 
signed for aseptic processing. 

Two or more vertical type scraped-surface heat exchangers can be 
linked in series or parallel to give a greater heat transfer surface depending 
on the processing capacity required. 
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Fig. 6.1.21 Section through a scraped- 
surface heat exchanger. 

1 Rotor 

2 Blade 

3 Cylinder 
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Fig. 6.1.22 Removal of blades from the 
rotor assembly in lowered position. 
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Centrifugal separators 
and 
milk fat standardisation 


Centrifugal separators 


Some historical data 


A newly invented appliance for separating cream from milk was described in 
the German trade journal “Milch-Zeitung” dated the 18th of April 1877. This 
was “a drum which is made to rotate and which, after turning for a time, 
leaves the cream floating on the surface so that it can be skimmed off in the 
usual fashion”. 

After having read this article a young Swedish engineer, Gustaf de Laval 
said, “I will show that centrifugal force will act in Sweden as well as in Ger- 
many”. The daily newspaper “Stockholms Dagblad” of 15th January 1879 
reported: “A centrifugal separator for cream skimming has been on show 
here since yesterday and will be demonstrated every day between 11 a.m. 
and 12 noon on the first floor of the house of number 41, Regeringsgatan. 

é The machine can be likened to a drum which is 
= driven round by a belt and pulley. The cream, 
aa which is lighter than the milk, is driven by 
aS centrifugal force to the surface of the milk 
N and flows off into a channel from which it 
| 


is led into a collection vessel; under it, 
the milk is forced out to the periphery of 
the drum and is collected in another channel 
whence it is led to a separate collecting vessel.” 
From 1890 the separators built by Gustaf 
de Laval were equipped with specially designed 
conical discs, the patent on which had been 
granted in 1888 to the German Freiherr von 
Bechtolsheim and had been acquired in 1889 by 
the Swedish company AB Separator, of which 
Gustaf de Laval was part-owner. 
Today most makes of similar machines are 
equipped with conical disc stacks. 


Fig 6.2.2 One of the very first separators, the 
Alfa A 1, manufactured from 1882. 
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Fig 6.2.1 Gustaf de Laval, inventor of 
the first continuously working centrifugal 
separator. 
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Fig. 6.2.3 Sand and oil sink and float 
respectively after admixture into water. 


Substances in solution cannot 
be separated by means of 
sedimentation. 


Fig. 6.2.4 Cork is lighter than water and 
floats. Stone is heavier and sinks. 
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Sedimentation by gravity 


Historically speaking the centrifugal separator is a recent invention. Up to a 
hundred years ago the technique used for separating one substance from 
another was the natural process of sedimentation by gravity. 

Sedimentation takes place all the time. Clay particles moving in puddles 
will soon settle, leaving the water clear. Clouds of sand stirred up by waves 
or by the feet of bathers do the same. Oil that escapes into the sea is lighter 
than water, rises and forms oil slicks on the surface. 

Sedimentation by gravity was also the original technique used in dairying 
to separate fat from milk. Milk fresh from the cow was left in a vessel. After 
some time the fat globules aggregated and floated to the surface where 
they formed a layer of cream on top of the milk. This could then be 
skimmed off by hand. 


Requirements for sedimentation 
The liquid to be treated must be a dispersion — a mixture of two or more 
phases, one of which is continuous. In milk it is the milk serum, or skimmilk, 
that is the continuous phase. Fat is dispersed in the skimmilk in the form of 
globules with variable diameters up to some 15 um. Milk also contains a 
third phase, consisting of dispersed solid particles such as udder cells, 
pulverised straw and hair, etc. 

The phases to be separated must not be soluble in each other. Sub- 
stances in solution cannot be separated by means of sedimentation. 

Dissolved lactose cannot be separated by means of centrifugation. It 
can, however, be crystallised. The lactose crystals can then be separated 
by sedimentation. 

The phases to be separated must also have different densities. The 
phases in milk satisfy this requirement; the solid impurities have a higher 
density than skimmilk, and the fat globules have a lower density. 


How does sedimentation work? 

If a stone is dropped into water, we would be surprised if it did not sink. In 
the same way we expect a cork to float. We know by experience that a 
stone is “heavier” and a cork is “lighter” than water. 

But what happens if we drop a stone in mercury, a liquid metal with a 
very high density? Or if we drop a piece of iron into mercury? We have no 
experience to help us predict the result. We might expect the piece of iron 
to sink. In actual fact both the stone and the piece of iron will float. 


Density 

Every substance has a physical property called density. Density is a meas- 
ure of how heavy a substance is and can be expressed as kg/m*. If we 
weigh a cubic metre of iron, we will find that the scale shows 7 860 kg. The 
density of iron is 7 860 kg/m®. The density of water at room temperature is 
1 000 kg/m? and those of stone (granite), cork and mercury at room tem- 
perature are 2 700, 180 and 13 550 kg/m? respectively. 

When an object is dropped into a liquid, it is basically the density of the 
object, compared with the density of the liquid, that determines whether it 
will float or sink. If the density of the object is higher than that of the liquid it 
will sink, but it will float if the density is lower. 

Density is usually denoted by the Greek letter p. With a density of a parti- 
cle p, and the density of the liquid p, it is possible to form the expression 
(P, — P} i.e. the difference in density between the particle and the liquid. If 
we drop a stone into water, the difference in density will be (2 700 — 1 000) 
= 1 700 kg/m. The result is a positive number, as the density of the stone 
is higher than that of water; the stone sinks! 

The expression for cork in water is (180 — 1 000) = — 820 kg/m°. This 
time the result is negative. Because of the low density of a cork it will float if 
it is dropped into water; it will move against the direction of the force of 
gravity. 
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Sedimentation and flotation velocity 
A solid particle or liquid droplet moving through a viscous fluid medium 


under the influence of gravity will eventually attain a constant velocity. This is | 


called the sedimentation velocity. If the density of the particle is lower than 
the fluid medium the particle will float at a flotation velocity. These velocities 
are denoted Vg (g = the force of gravity). The magnitude of the sedimenta- 
tion/flotation velocity is determined by the following physical quantities: 

e Particle diameter d m 

Particle density p, kg/m? 

Density of the continuous phase p, kg/m? 

Viscosity of the continuous phase n kg/m,s 

Gravitational attraction of the earth g = 9.81 m/s? 

If the values of these quantities are Known, the sedimentation/flotation 
velocity of the particle or droplet can be calculated by means of the follow- 
ing formula, which is derived from Stokes’ law: 


= d? (Pp =P) 
18n 


The formula above (Equation 1) shows that the sedimentation/flotation 

velocity of the particle or droplet: 

e increases as the square of the particle diameter; this means that the 
particle of d = 2 cm will settle/rise 4 times faster (2?= 4) than a particle 
of d=1cm. 

e increases with increasing differential density between the phases. 

e increases with diminishing viscosity of the continuous phase. 


Flotation velocity of a fat globule 

With fresh milk in a vessel, the fat globules will begin to move upwards, 
towards the surface. The flotation velocity can be calculated with the help of 
the formula above. The following average values apply at an ambient tem- 
perature of about 35°C: 


d =3 um = 3x10® m 
(P, — p) = (80 - 1 028) = - 48 kg/m? 
n = 1.42 cP (centipoise) = 1.42x 10° kg/m, s 


Substituting these values in the formula: 


-6 1 -12 
g as U aa ie 
o5 “48x1.42x 109 18x 1.42 x10 


= 0.166x 9.81 = 10%m/s = 0.166 mm/s = 0.597 mm/h 


As indicated above, fat globules rise very slowly. A 3 um diameter fat glob- 
ule moves upwards at a flotation velocity of 0.6 mm/h. The velocity of a fat 
globule which is twice the size will be 22 x 0.6 = 2.4 mm/h. In reality, fat 
globules cluster into larger aggregates and flotation therefore takes place 
much more rapidly. 

Figure 6.2.6 shows schematically how fat globules of different diameters 
move through the milk serum under the influence of gravity. At zero time the 
fat globules are at the bottom of the vessel. After t minutes a certain 
amount of sedimentation has taken place, and after 3 t minutes the largest 
fat globule has reached the surface. By this time the medium-sized globule 
has risen to a point halfway to the surface, but the smallest globule has only 
covered one quarter of the distance. 
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Fig. 6.2.5 Iron, stone and cork have all 
lower densities than mercury and will 
therefore float. 
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Sedimentation 
distance, s 


Fig. 6.2.6 Flotation velocities of fat globules with different diameters. 


The medium-sized globule will reach the surface in 6 t minutes, but the 
smallest globule will need 12 t minutes to get there. 


Fig. 6.2.7 Sedimentation vessels holding the same volume but with different sedimentation distances (h, and h,; h, >h,). 


y ~ _soutlet 


Fig. 6.2.8 Vessel for continuous sepa- 
ration of solids from a liquid. 


Inlet 


Outlet 


Fig. 6.2.9 Horizontal baffle plates in the 
separation vessel increase sedimenta- 
tion capacity. 
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Batch separation by gravity 

In the vessel A in figure 6.2.7, containing a dispersion in which the dis- 
persed phase consists of solid particles with a uniform diameter d and a 
density higher than that of the liquid, the suspension must be left long 
enough for particles starting from the surface to reach the bottom. The 
sedimentation distance in this case is h, m. 

The time to complete separation can be reduced if the sedimentation 
distance is reduced. The height of the vessel (B) has been reduced and the 
area increased so that it still has the same volume. The sedimentation dis- 
tance (h,) is reduced to 1/5 of h, and the time required for complete separa- 
tion is therefore also reduced to 1/5. However, the more the sedimentation 
distance and time are reduced, the greater the area of the vessel. 


Continuous separation by gravity 

A simple vessel which can be used for continuous separation of particles of 
non-uniform diameter from a liquid is shown in figure 6.2.8. The liquid con- 
taining the slurried particles is introduced at one end of the vessel and flows 
towards an overflow outlet at the other end at a certain capacity. On the 
way the particles settle at different rates, due to their different diameters. 


Baffles increase the capacity 
The capacity of the sedimentation vessel can be increased if the total area 
is increased, but this makes it large and unwieldy. It is instead possible to 
increase the area available for separation by inserting horizontal baffle plates 
in the vessel, as illustrated in figure 6.2.9. 

There are now a number of “separation channels” in which sedimenta- 
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tion of particles can proceed at the same rate as in the vessel in figure 
6.2.8. The total capacity of the vessel is multiplied by the number of separa- 
tion channels. The total area available (i.e. the total number of baffle plate 
areas) for separation, multiplied by the number of separation channels, 
determines the maximum capacity that can flow through the vessel without 
loss of efficiency, i.e. without allowing any particles of limit size or larger to 
escape with the clarified liquid. 

When a suspension is continuously separated in a vessel with horizontal 
baffle plates, the separation channels will eventually be blocked by the ac- 
cumulation of sedimented particles. Separation will then come to a halt. 

If the vessel has inclined baffles instead, as in figure 6.2.10, the particles 
that settle on the baffles under the influence of gravity will slide down the 
baffles and collect at the bottom of the vessel. 

Why are particles that have settled on the baffles not swept along by the 
liquid that flows upwards between the baffles? The explanation is given in 
figure 6.2.11, which shows a section through part of a separation channel. 
As the liquid passes between the baffles, the boundary layer of liquid clos- 
est to the baffles is braked by friction so that the velocity drops to zero. 

This stationary boundary layer exerts a braking effect on the next layer, 
and so on, towards the centre of the channel, where the velocity is highest. 
The velocity profile shown in the figure is obtained — the flow in the channel 
is laminar. The sedimented particles in the stationary boundary zone are 
consequently subjected only to the force of gravity. 

The projected area is used when the maximum flow through a vessel 
with inclined baffle plates is calculated. 

In order to utilize the capacity of a separation vessel to the full it is neces- 
sary to install a maximum amount of surface area for particles to settle on. 
The sedimentation distance does not affect the capacity directly, but a cer- 
tain minimum channel width must be maintained in order to avoid blockage 
of the channels by sedimenting particles. 


Continuous separation of a solid phase 
and two liquid phases 

A device similar to the one shown 
in figure 6.2.12 can be used for 
separation of two mixed liquids 
from each other by means of 
gravity and also for separating 
slurried solid particles from the 
mixture at the same time. 

The dispersion passes down- 
wards from the inlet through the 
opening B. An interface layer then 
flows horizontally at the level of B. 
From this level the solid particles, 
which have a higher density than both liquids, settle to the bottom of the 
vessel. The less dense of the two liquid phases rises toward the surface 
and runs off over overflow outlet B,. The denser liquid phase moves down- 
wards and passes below baffle B,, out of the lower outlet. Baffle B, pre- 
vents the lighter liquid from going in the wrong direction. 


Inlet 


Separation by centrifugal force 


Sedimentation velocity 

A field of centrifugal force is generated if a vessel is filled with liquid and 
spun, as shown in figure 6.2.13. This creates a centrifugal acceleration a. 
The centrifugal acceleration is not constant like the gravity g in a stationary 
vessel. The centrifugal acceleration increases with distance from the axis of 
rotation (radius r) and with the speed of rotation, expressed as angular 
velocity œ, figure 6.2.14. 
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Outlet 


Fig. 6.2.10 Sedimentation vessel with 
inclined baffle plates giving laminar flow 
and sliding down particles. 


Fig. 6.2.11 Particle velocities at various 
points in a separation channel. The 
length of an arrow corresponds to the 
velocity of a particle. 


Fig. 6.2.12 Vessel for continuous 

separation of two mixed liquid phases 

and simultaneous sedimentation of solid 

phases. 

B Inlet 

B, Overflow outlet for the light liquid 

B, Baffle preventing the lighter liquid 
from leaving through the outlet for 
the heavier liquid 


Fig. 6.2.13 Centrifugal force is 
generated in a rotating vessel . 
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OES 
Fig. 6.2.14 A simple separator 


Fig. 6.2.15 The baffled vessel can be 
turned 90° and rotated, creating a cen- 
trifuge bowl for continuous separation of 
solid particles from a liquid. 


Clarification = separation of 
solid particles from a liquid. 
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The acceleration can be calculated by the formula 2). 


2) a=r ow 


The following formula 3) is obtained if the centrifugal acceleration, a, 
expressed as ro, is substituted for the gravitational acceleration, g, in the 
aforementioned Stokes’ law equation 1. 

Equation 3) can be used to calculate the sedimentation velocity, v, of 
each particle in the centrifuge. 


Flotation velocity of a fat globule 

Equation 1) was previously used and it was found that the flotation velocity 
of a single fat globule 3 um in diameter was 0.166 x 10° m/s or 0.6 mm/h 
under the influence of gravity. 

Equation 3) can now be used to calculate the flotation velocity of a fat 
globule of the same diameter at a radial position of 0.2 m in a centrifuge 
rotating at a speed of n= 5 400 rpm. 

The angular velocity can be calculated as 


w= — n rad/s (radians per second) 


giving 2 m = one revolution and 

n = revolutions per minute (rom) 

with a rotating speed (n) of 5 400 rom the angular velocity (œ) will be: 
@ = 564.49 rad/s 


The sedimentation velocity (v) will then be: 


y = -2X10® x48; 02 x 564.492 = 0.108 x102 m/s 
18 x 1.42 x 10° 


i.e. 1.08 mm/s or 3 896.0 mm/n. 


Dividing the sedimentation velocity in a centrifugal force field by the sedi- 
mentation velocity in a gravity field gives the efficiency of centrifugal separa- 
tion, compared with sedimentation by gravity. The sedimentation velocity in 
the centrifuge is 3 896.0/0.6 = 6 500 times faster. 


Continuous centrifugal separation of solid 
particles — Clarification 


Figure 6.2.15 shows a centrifuge bowl for continuous separation of solid 
particles from a liquid. This operation is called clarification. Imagine the 
sedimentation vessel in figure 6.2.10 turned 90° and spun round the axis of 
rotation. The result is a sectional view of a centrifugal separator. 


Separation channels 


Figure 6.2.15 also shows that the centrifuge bowl has baffle inserts in the 
form of conical discs. This increases the area available for sedimentation. 
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The discs rest on each other and form a unit known as the disc stack. Radi- 
al strips called caulks are welded to the discs and keep them the correct 
distance apart. This forms the separation channels. The thickness of the 
caulks determines the width. 

Figure 6.2.16 shows how the liquid enters the channel at the outer edge 
(radius r,), leaves at the inner edge (radius r,) and continues to the outlet. 
During passage through the channel the particles settle outward towards 
the disc, which forms the upper boundary of the channel. 

The velocity w of the liquid is not the same in all parts of the channel. It 
varies from almost zero closest to the discs to a maximum value in the 
centre of the channel. The centrifugal force acts on all particles, forcing 
them towards the periphery of the separator at a sedimentation velocity v. A 
particle consequently moves simultaneously at velocity w with the liquid and 
at sedimentation velocity v radially towards the periphery. 

The resulting velocity, v o is the sum of these two motions. The particle 
moves in the direction indicated by vector arrow Vo: (For the sake of simplic- 
ity it is assumed that the particle moves in a straight path as shown by the 
broken line in the figure.) 


In order to be separated, the particle must settle on the upper plate Fig. 6.2.16 Simplified diagram of a 
before reaching point B', i.e. at a radius equal to or greater than r,. Once separation channel and how a solid 
the particle has settled, the liquid velocity at the surface of the disc is so eg moves in the liquid during sepa- 

ration. 


small that the particle is no longer carried along with the liquid. It therefore 
slides outwards along the underside of the disc under the influence of the 
centrifugal force, is thrown off the outer edge at B and deposited on the 
peripheral wall of the centrifuge bowl. 


The limit particle 

The limit particle is a particle of such a size that if it starts from the least 
favourable position, i.e. point A in figure 6.2.17, it will only just reach the 
upper disk at point B'. All particles larger than the limit particle will be sepa- 
rated. 

The figure shows that some particles smaller than the limit particle will 
also be separated if they enter the channel at point C somewhere between 
A and B. The smaller the particle, the closer C must be to B in order to 
achieve separation. 


Continuous centrifugal separation 


m r Fig. 6.2.17 All particles larger than the 
O f I I k limit particle will be separated if they are 
located in the shaded area. 


Clarification 


In a centrifugal clarifier, the milk is introduced into the separation channels at 
the outer edge of the disc stack, flows radially inwards through the channels 
towards the axis of rotation and leaves through the outlet at the top as 
illustrated in figure 6.2.18. On the way through the disc stack the solid im- 
purities are separated and thrown back along the undersides of the discs to 
the periphery of the clarifier bowl. There they are collected in the sediment 
space. As the milk passes along the full radial width of the discs, the time of 
passage also allows very small particles to be separated. The most typical 
difference between a centrifugal clarifier and a separator is the design of the 
disk stack — clarifier without distribution holes — and the number of outlets — 
Clarifier one and separator two. 
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Separation 

In a centrifugal separator the disc stack is equipped with vertically aligned 

distribution holes. Figure 6.2.19 shows schematically how fat globules are Fig. 6.2.18 In a centrifugal clarifier bowl 
separated from the milk in the disc stack of a centrifugal separator. A more the milk enters the disc stack at the 
detailled illustration of this phenomenon is shown in figure 6.2.20. periphery and flows inwards through the 


channels. 
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The milk is introduced through vertically aligned distribution holes in the 
discs at a certain distance from the edge of the disc stack. Under the influ- 
ence of centrifugal force the sediment and fat globules in the milk begin to 
settle radially outwards or inwards in the separation channels, according to 
their density relative to that of the continuous medium (skimmilk). 

As in the clarifier, the high-density solid impurities in the milk will quickly 
settle outwards towards the periphery of the separator and collect in the 
sediment space. Sedimentation of solids is assisted by the fact that the 
skimmilk in the channels in this case moves outwards towards the periphery 
of the disc stack. 

The cream, i.e. the fat globules, has a lower density than the skimmilk 
and therefore moves inwards in the channels, towards the axis of rotation. 
The cream continues to an axial outlet. 

The skimmilk moves outwards to the space outside the disc stack and 
from there through a channel! between the top of the disc stack and the 
conical hood of the separator bowl to a concentric skimmilk outlet. 


Skimming efficiency 
Fig. 6.2.19 In a centrifugal separator The amount of fat that can be separated from milk depends on the design 
bowl the milk enters the disc stack of the separator, the rate at which the milk flows through it, and the size 
through the distribution holes. distribution of the fat globules. 

The smallest fat globules, normally < 1 um, do not have time to rise at 
the specified flow rate but are carried out of the separator with the skimmilk. 


The size of fat globules varies The remaining fat content in the skimmilk normally lies between 0.04 and 
during the cow's lactation peri- 0.07%, and the skimming ability of the machine is then said to be 0.04 - 
od, i.e. from parturition to going 0.07. 

dry. Large globules tend to The flow velocity through the separation channels will be reduced if the 
predominate just after parturi- flow rate through the machine is reduced. This gives the fat globules more 
tion, while the number of small time to rise and be discharged through the cream outlet. The skimming 
globules increases towards the efficiency of a separator consequently increases with reduced throughput 
end of the lactation period. and vice versa. 


Fat content of cream 

The whole milk supplied to the separator is discharged as two flows, skim- 
milk and cream, of which the cream normally represents about 10% of the 
total throughput. The proportion discharged as cream determines the fat 
content of the cream. If the whole milk contains 4% fat and the throughput 
is 20 000 I/h, the total amount of fat passing through the separator will be 


4 x 20 000 
100 = 800 l/h. 
Assume that cream with a fat content of 40% is required. This amount of 
fat must be diluted with a certain amount of skimmilk. The total amount of 
liquid discharged as 40% cream will then be 


800x100 = 2000 Im. 

40 
800 I/h is pure fat, and the remaining 1 200 I/h is "skimmilk". 

Installation of throttling valves in the cream and skimmilk outlets makes it 

possible to adjust the relative volumes 
of the two flows in order to obtain 
the required fat content in the 

cream. 


Fig. 6.2.20 Sectional view of part 

of the disc stack showing the milk entering 
through the distribution holes and separation 

of fat globules from the skimmilk. 


Fig. 6.2.21 Disc stack 
with distribution holes and 
caulks. 
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Solids ejection 

The solids that collect in the sediment space of the separator bowl consist 
of straw and hairs, udder cells, white blood corpuscles (leucocytes), red 
blood corpuscles, bacteria, etc. The total amount of sediment in milk varies 
but may be about 1 kg/10 000 litres. The sediment space volume varies 
depending on the size of the separator, typically 10 - 20 I. 

In milk separators of the solids-retaining type it is necessary to dismantle 
the bowl manually and clean the sediment space at relatively frequent inter- 
vals. This involves a great deal of manual labour. 

Modern self-cleaning or solids-ejecting separator bowls are equipped for 
automatic ejection of accumulated sediment at preset intervals. This elimi- 
nates the need for manual cleaning. The system for solids discharge iS a -mm 
described at the end of this chapter under “The discharge system”. i 

Solids ejection is normally carried out at 30 to 60 minute intervals during 
milk separation. 


Basic design of the centrifugal separator 


A section through a self-cleaning separator, figures 6.2.25 and 6.2.26, 


shows that the bowl consists of two major parts, the body and the hood. Fig. 6.2.22 Solids ejection by short 
They are held together by a threaded lock ring. The disc stack is clamped opening of the sedimentation space at 
between the hood and the distributor at the centre of the bowl. the periphery of the bowl. 


Modern separators are of two types, semi-open and hermetic. 


Semi-open design 
Centrifugal separators with paring discs at the outlet, figure 6.2.23, are 
known as semi-open types (as opposed to the older open models with 
overflow discharge). 

In the semi-open separator the milk is supplied to the separator bowl 
from an inlet, normally in the top, through a stationary axial inlet tube. 

When the milk enters the ribbed distributor (1), it is accelerated to the 
speed of rotation of the bowl before it continues into the separation chan- 
nels in the disc stack (2). The centrifugal force throws the milk outwards to 
form a ring with a cylindrical inner surface. This is in contact with air at at- 
mospheric pressure, which means that the pressure of the milk at the sur- 
face is also atmospheric. The pressure increases progressively with increas- 
ing distance from the axis of rotation to a maximum at the periphery of the 
bowl. 

The heavier solid particles settle outwards and are deposited in the sedi- 
ment space. Cream moves inwards towards the axis of rotation and passes 
through channels to the cream paring chamber (3). The skimmilk leaves the 
disc stack at the outer edge and passes between the top disc and the bowl 
hood to the skimmilk paring chamber (4). 


Fig. 6.2.23 Semi-open (paring disc) 
self-cleaning separator. 

Distributor 

Disc stack 

Cream paring chamber 

Skimmilk paring chamber 


Paring disc 
In the semi-open separator the cream and 
skimmilk outlets have special outlet devices 
— paring discs, one of which is shown in 
figure 6.2.24. Because of this outlet de- 
sign the semi-open separators are usually 
called paring-disc separators. 
The rims of the stationary 
paring discs dip into the rotat- 
ing columns of liquid, continu- 
ously paring out a certain 
amount. The kinetic energy of 
the rotating liquid is converted 
into pressure in the paring 
disc, and the pressure is al- 
ways equal to the pressure 
drop in the downstream line. 
An increase in downstream 


ROMs 


Fig. 6.2.24 The paring disc outlet at 
the top of the semi-open bowl. 
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Fig. 6.2.25 Section through the bowl 
with outlets of a modern hermetic sepa- 
rator 

Outlet pumps 

Bowl hood 

Distribution hole 

Disc stack 
Lock ring 
Distributor 
Sliding bowl 
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Bowl body 
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Fig. 6.2.26 Sectional view of a 
modern hermetic separator. 

10 Frame hood 

11 Sediment cyclone 

12 Motor 

13 Brake 

14 Gear 

15 Operating water system 

16 Hollow bowl spindle 


pressure means that the liquid level in the bowl moves inwards. In this way 
the effects of throttling at the outlets are automatically counteracted. In 
order to prevent aeration of the product it is important that the paring discs 
are sufficiently covered with liquid. 


Hermetic design 
In the hermetic separator the milk is supplied to the bowl through the bowl 
spindle. It is accelerated to the same speed of rotation as the bowl and then 
continues through the distribution holes in the disc stack. 

The bowl of a hermetic separator is completely filled with milk during 
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operation. There is no air in the centre. The hermetic separator can there- 
fore be regarded as part of a closed piping system. 

The pressure generated by the external product pump is sufficient to 
overcome the flow resistance through the separator to the discharge pump 
at the outlets for cream and skimmilk. The diameter of the pump impellers 
can be sized to suit the outlet pressure requirements. 


Control of the fat content in cream i 


Paring disc separator 
The volume of cream discharged from the paring disc separator is control- 
led by a throttling valve in the cream outlet. Progressively larger amounts of 
cream, with a progressively diminishing fat content, will be discharged from 
the cream outlet if the valve is gradually opened. 

A given rate of discharge consequently corresponds to a given fat con- 
tent in the cream. If the fat content of the whole milk is 4% and cream with 
40% fat is required, the discharge from the cream outlet must be adjusted 
to 2 000 I/h (according to the previous calculation). The pressure on the 
skimmilk outlet, ref. 1 in figure 6.2.27, is set by means of a regulating valve 
at a certain value according to the separator and the throughput. Then the 
throttling valve (2) in the cream outlet is adjusted to give the flow volume 
corresponding to the required fat content. 

Any change in the cream discharge will be matched by an equal, and 
opposite, alteration in the skimmilk discharge. An automatic constant pres- 
sure unit is fitted in the skimmilk outlet to keep the back pressure at the 


: Fig. 6.2.27 Paring-disc separator with 
outlet constant, regardless of changes in the rate of cream flow. 3 9 6 


manual control devices in the outlets. 


1 Skimmilk outlet with pressure 
Cream flow meter regulating valve 


In paring-disc separators the volume of cream discharged is controlled bya 2 Cream throttling valve 
cream valve (2) with a built-in flow meter (8). The size of the valve aperture is 3 Cream flow meter 
adjusted with a screw and the throttled flow passes through a graduated 
glass tube. The tube contains a spool-shaped float, which is lifted by the 
cream flow to a position on the graduated scale which varies according to 
the flow rate and viscosity of the cream. 

By analyzing the fat content of the incoming whole milk and calculating 
the volume of the cream flow at the required fat content, it is possible to 
arrive at a coarse setting of the flow rate and to adjust the throttling screw 
accordingly. Fine adjustment can be made when the fat content of the 
cream has been analyzed. The operator then knows the float reading when 
the fat content of the cream is correct. 

The fat content of the cream is affected by variations in the fat content of 
the incoming whole milk and by flow variations in the line. Other types of 
instruments are used, for example automatic in-line systems to measure the 
fat content of cream in combination with control systems which keep the fat 
content at a constant value. 


Hermetic separator 

An automatic constant pressure unit for a hermetic separator is 
shown in figure 6.2.28. The valve shown is a diaphragm valve and 
the required product pressure is adjusted by means of compressed 
air above the diaphragm. 

During separation the diaphragm is affected by the constant air 
pressure above and the product (skimmilk) pressure below. The 
preset air pressure will force the diaphragm down if the pressure in 
the skimmilk drops. The valve plug, fixed to the diaphragm, then moves 
downwards and reduces the passage. This throttling increases the skimmilk 
outlet pressure to the preset value. The opposite reaction takes place when Fig. 6.2.28 Hermetic separator bowl 
there is an increase in the skimmilk pressure, and the preset pressure is with an automatic constant pressure unit 
again restored. on the skimmilk outlet. 
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Fig. 6.2.29 The cream outlet of a paring disc and a hermetic separator and corre- 
sponding cream fat concentrations at different distances. 


Differences in outlet performance of hermetic and 
paring-disc separators 

Figure 6.2.29 is a simplified picture of the cream outlets on a paring-disc 
and a hermetic separator. It also shows an important difference between 
these two machines. In the paring-disc separator the outer diameter of the 
paring disc must penetrate into the rotating liquid column. The distance is 
determined by the fat content of the cream. The fat content is highest at the 
inner, free cream level in the separator. From there the fat content is gradu- 
ally reduced as the diameter increases. 

An increased fat content in the cream from the separator increases the 
distance from the inner, free liquid level of the cream to the outer periphery 
of the paring disc by the cream level being forced inwards. The fat content 
at the inner, free cream level must consequently be considerably higher if for 
instance 40% cream is to be discharged. The cream must be over-concen- 
trated — to a higher fat content - compared with the cream leaving the sep- 
arator. This could result in destruction of the fat globules in the innermost 
zone facing the air column, as a result of increased friction. The result will be 
disruption of fat globules which will cause sticking problems and increased 
sensitivity to oxidation and hydrolysis. 

Cream from the hermetic separator is removed from the centre, where 
the fat content is highest. Over-concentration is therefore not necessary. 

When removing cream that has a high fat content the difference in outlet 
performance is even more important. At 72% the fat is concentrated to 
such an extent that the fat globules are actually touching each other. It 
would be impossible to obtain cream with this fat content from a paring- 
disc separator, as the cream would have to be considerably over-concen- 
trated. The required pressure cannot be created in a paring-disc separator. 
High pressures can be created in the hermetic separator, which makes it 
possible to separate cream with a fat content exceeding 72% globular fat. 


The discharge system 


Production and CIP 

During separation the inner bottom of the bowl, the sliding bowl bottom, is 
pressed upwards against a seal ring in the bowl hood by the hydraulic pres- 
sure from water beneath it. The position of the sliding bowl bottom is given 
by the difference in pressure on the top of it, from the product, and on the 
bottom of it, from the water. 

Sediment from the product and the CIP solutions collect in the sediment 


Dairy Processing Handbook/chapter 6.2 


space at the inner periphery of the bowl until a discharge is triggered. To 
clean the larger surfaces in the bowl of bigger centrifuges efficiently, a larger 
volume of sediment and liquid is discharged during water rinsing in the 
cleaning cycle. 


Discharge 
A sediment discharge sequence may be triggered automatically by a preset 
timer, a sensor of some kind in the process, or manually by a push button. 

The details in a sediment discharge sequence vary depending on centri- 
fuge type, but basically a fixed water volume is added to initiate drainage of 
the “balance water”. When the water is drained from the space below the 
sliding bowl bottom it drops instantly and the sediment can escape at the 
periphery of the bowl. New “balance water” to close the bowl is automati- 
cally supplied from the service sytem, and press the sliding bowl bottom 
upwards to tighten against the seal ring. A sediment discharge has taken 
place, in tenths of a second. 

The centrifuge frame absorbs the energy of the sediment leaving the 
rotating bowl. The sediment is discharged from the frame by gravity to 
sewage, a vessel or a pump. 


Drive units 

In a dairy separator the bowl is mounted on a vertical spindle supported by 
a set of upper and lower bearings. In most centrifuges the vertical shaft is 
connected to the motor axis by a worm gear on a horizontal axis, giving an 
appropriate speed, and a coupling. Various types of friction couplings exist, 
but friction is something inconsistent so direct couplings with controlled 
start sequence are often preferred. 
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Fig. 6.2.30 The valve system supplying 
operating water to a separator in order 
to guarantee proper discharge perform- 
ance. 
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Standardisation of fat 
content in milk and cream 


Principle calculation methods for 
mixing of products 


Standardisation of fat content involves adjustment of the fat content of milk, 
or a milk product, by addition of cream or skimmilk as appropriate to obtain 
a given fat content. 
Various methods exist for calculating the quantities of products with 
different fat contents that must be mixed to obtain a given final fat content. 
These cover mixtures of whole milk with skimmilk, cream with whole milk, 
cream with skimmilk and skimmilk with anhydrous milk fat (AMF). 
One of these methods, frequently used, is taken from the Dictionary of 
A C-B Dairying by J.G. Davis and is illustrated by the following example: 
40% 3-0.05% How many kg of cream of A% fat must be mixed with skimmilk of B% fat 
to make a mixture containing C% fat? The answer is obtained from a rec- 
tangle, figure 6.2.31, where the given figures for fat contents are placed. 


A Cream fat content 40% 
B Skimmilk fat content 0.05% 
C Fat content of the end product 3% 


iA Subtract the fat content values on the diagonals to give C - B = 2.95 
B and A-C = 37. 
0.05 40-3% The mixture is then 2.95 kg of 40% cream and 37 kg of 0.05 % skimmilk 
to obtain 39.95 kg of a standardised product containing 3% fat. 
From the equations below it is then possible to calculate the amounts of 
A and B needed to obtain the desired quantity (X) of C. 


Fig. 6.2.31 Calculation of the fat con- 
tent in product C. 


Xx(C-B) 


Xx (A-C) 
Eec eo 2) === kgof B 


(C -B) + (A-C) 
[also (X — equation 1)] 
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Principle of standardisation 


The cream and skimmilk leaving a separator have constant fat contents if all 
other relevant parameters also are constant. The principle of standardisation 
— the same regardless of whether control is manual or computerised — is 
illustrated in figure 6.2.32. 

The figures in the illustration are based on treatment of 100 kg whole 


Standardised milk 


Surplus 
standardised cream 


Fig. 6.2.32 Principle of fat standardisation. 
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milk with 4% fat. The requirement is to produce an optimal amount of 3% 
standardised milk and surplus cream containing 40% fat. 

Separation of 100 kg of whole milk yields 90.35 kg of skimmilk with 
0.05% fat and 9.65 kg of cream with 40% fat. 

The amount of 40% cream that must be added to the skimmilk is 7.2 kg. 
This gives altogether 97.55 kg of 3% market milk, leaving 9.65 — 7.2 = 2.45 
kg surplus 40% cream. The principle is illustrated in figure 6.2.32. 


Direct in-line standardisation 


In modern milk processing plants with a diversified product range, direct in- 
line standardisation is usually combined with separation. Previously the 
standardisation was done manually, but, along with increased volumes to 
process the need for fast, constant and correct standardisation methods, 
independent of seasonable fluctuations of the raw milk fat content, has 
increased. Control valves, flow and density meters and a computerised 
control loop are used to adjust the fat content of milk and cream to desired 
values. This equipment is usually assembled in units, figure 6.2.33. 

The pressure in the skimmilk outlet must be kept constant in order to 
enable accurate standardisation. This pressure must be maintained regard- 
less of variations in flow or pressure drop caused by the equipment after 
separation, and this is done with a constant-pressure valve located close to 
the skimmilk outlet. 

For precision in the process it is necessary to measure variable parame- 
ters such as: 

e fluctuations in the fat content of the incoming milk, 
e fluctuations in throughput, 
e fluctuations in preheating temperature. 

Most of the variables are interdependent; any deviation in one stage of 
the process often results in deviations in all stages. The cream fat content 
can be regulated to any value within the performance range of the separa- 
tor, with a standard deviation based on repeatability between 0.2 - 0.3% 
fat. For standardised milk the standard deviation based on repeatability 
should be less than 0.03%. 

Most commonly the whole milk is heated to 55 — 65°C in the pasteuriser 
before being separated. Following separation the cream is standardised at 
preset fat content and subsequently, the calculated amount of cream in- 
tended for standardisation of milk (market milk, cheese milk, etc.) is routed 
and remixed with an adequate amount of skimmilk. The surplus cream is 
directed to the cream pasteuriser. The course of events are illustrated in 
figure 6.2.34. 

Under certain circumstances it is also possible to apply an in-line stand- 
ardisation system to a cold milk centrifugal separator. However, it is then 
very important that all fat fractions of the milk fat are given enough time at 
the low temperature (10 — 12 hours) for complete crystallisation. The reason 
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Fig. 6.2.34 Principle for direct in-line 
Whole milk standardisation of cream and milk. 
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Fig. 6.2.33 Direct in-line standardisa- 
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is that the density will vary with the degree of crystallisation and will thus 
jeopardise the measuring accuracy of the density transmitter, which is al- 
ways calibrated at prevailing conditions after having been installed. 


Cream fat control system 


The fat content of the cream in the outlet from the separator is determined 
by the cream flow rate. The cream fat content is inversely proportional to 
the flow rate. Some standardisation systems therefore use flow meters to 
control the fat content. This is the quickest method and, as long as the 
temperature and fat content in the whole milk before separation are con- 
stant, also an accurate method. The fat content will be wrong if these pa- 
rameters change. 

Various types of instruments can be used for continuous measurment of 
the fat content in cream. The signal from the instrument adjusts the cream 
flow so that the correct fat content is obtained. This method is accurate and 
sensitive to variations in the temperature and fat content of the milk. How- 
ever, the control is slow and it takes a long time for the system to return to 
the correct fat content when a disturbance has occurred. 

There are two transmitters in figure 6.2.35 measuring the flow of stand- 
ardised cream and skimmilk respectively. With these two flow data the con- 
trol system (4) calculates the flow of whole milk to the separator. A density 
transmitter (1) measures the cream density and converts this value into fat 
content. Combining fat content and flow rate data, the control system actu- 
ates the modulating valve (3) to obtain the required cream fat content. 


Cascade control 

A combination of accurate measurement of the fat content and rapid flow 
metering, known as cascade control, offers great advantages illustrated in 
figure 6.2.36. 

When disturbances occur, caused for example by the recurrent partial 
discharges of the self-cleaning centrifuges or changes in the temperature of 
the cream or the fat content of the incoming milk, the diagram shows that 
e the flow control system alone reacts fairly quickly, but the fat content of 

the cream deviates from the preset value after stability is restored; 

e the density measurement system alone reacts slowly, but the fat content 
of the cream returns to the preset value. 

e when the two systems are combined in cascade control, a rapid return 
to the preset value is achieved. 

The cascade control system thus results in less product losses and a 
more accurate result. The computer monitors the fat content of the cream, 
the flow rate of the cream and the setting of the cream regulating valve. 

The density transmitter (ref. 1 in figure 6.2.35) in the circuit measures the 
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density of the cream continuously (mass per unit of volume, e.g. kg/m3), 
which is inversely proportional to the fat content as the fat in cream has a 
lower density than the milk serum. The density transmitter transmits con- 
tinuous density readings to the computer in the form of an electric signal. 
The strength of the signal is proportional to the density of the cream. In- 
creasing density means that there is less fat in the cream and the signal will 
increase. 

Any change in density modifies the signal from the density transmitter to 
the computer; the measured value will then deviate from the setpoint value 
which is programmed into the computer. The computer responds by 
changing the output signal to the regulating valve by an amount corre- 
sponding to the deviation between measured and setpoint values. The 
position of the regulating valve changes and restores the density (fat con- 
tent) to the correct value. 

The flow transmitter (ref. 2 in figure 6.2.35) in the control circuit measures 
the flow in the cream line continuously and transmits a signal to the micro- 
computer. The transmitters in the control circuit, figure 6.2.35, measure the 
flow and density in the cream line continuously and transmit a signal to the 
microcomputer. 

Cascade control is used to make necessary corrections due to variations 
in the fat content in the incoming whole milk. Cascade control works by 
comparing: 

e the flow through the flow transmitter. (The flow is proportional to the 
cream fat content) and 

e the density measured by the density transmitter. (The density is revised 
proportional to the cream fat content.) 

The microcomputer in the control panel (4) then calculates the actual 
whole milk fat content and controls the control valves to make necessary 
adjustments. 

The standardised milk fat content is recorded continuously. 


Fat control by density measurement 

Measurement of the cream fat content is based on the fixed relationship 
which exists between fat content and density. The fat content varies in- 
versely with density because the fat in cream is lighter than the milk serum. 

In this context it is important to remember that the density of cream is 
also affected by temperature and gas content. Much of the gas, which is 
the lightest phase in the milk, will follow the cream phase, reducing the 
density of the cream. It is therefore important that the amount of gas in the 
milk is kept at a constant level. Milk always contains greater or lesser quan- 
tities of air and gases. As an average figure the milk may contain 6%. More 
air than that will cause various problems such as inaccuracy in volumetric 
measurement of milk, increased tendency to fouling at heating, etc. More 
about air in milk is mentioned in chapter 6.6, Deaerators. 

The simplest and most common way of doing this is to let the raw milk 
stand for at least one hour in a tank (silo) before it is processed. Otherwise a 
deaerator should be integrated into the plant ahead of the separator. 

The density of the cream is reduced if the separation temperature is 
increased, and vice versa. To bridge moderate variation of the separation 
temperature, the density transmitter is also provided with a temperature 
sensor (Pt 100) for signalling the present temperature to the control module. 

The density transmitter continuously measures the density and tempera- 
ture of the liquid. Its operating principle can be likened to that of a tuning 
fork. As the density of product being measured changes, it in turn changes 
the vibrating mass and thus the resonant frequency. The density value sig- 
nals are transmitted to a control module. 

The density transmitter consists of a single straight tube through which 
the liquid flows. The tube is vibrated by excitation coils on the outside, 
which is connected to the instrument casing and thus to the pipeline sys- 
tem via bellows. 

The density transmitter is installed as part of the pipeline system and is 
light enough to require no special support. 
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Fig. 6.2.37 Density transmitter. 
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Fig. 6.2.38 Flow transmitter. 
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where 

U, = Electrode voltage 

K = Instrument constant 

B = Strength of magnetic field 
v = Average velocity 

D = Pipe diameter 
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J Surplus cream 


Flow transmitter 

Various types of meters are used for flow control. Electromagnetic meters, 
figure 6.2.38, have no moving parts that wear. They are often used as they 
require no service and maintenance. There is no difference in accuracy 
between the meters. 

The meter head consists of a metering pipe with two magnetic coils. A 
magnetic field is produced at right angles to the metering pipe when a cur- 
rent is applied to the coils. 

An electric voltage is induced and measured by two electrodes mounted 
in the metering pipe when a conductive liquid flows through the metering 
pipe. This voltage is proportional to the average velocity of the product in 
the pipe and therefore to the volumetric flow. 

The flow transmitter contains a microprocessor which controls the cur- 
rent transformer that maintains a constant magnetic field. The voltage of the 
measuring electrodes is transmitted, via an amplifier and signal converter, to 
the microprocessor in the control panel. 


Flow control valves for cream and skimmilk 

The microcomputer compares the measured value signal from the density 
transmitter with a preset reference signal. If the measured value deviates 
from the preset value, the computer modifies the output signal to the con- 
trol valve, ref. 3 in figure 6.2.35, in the line after the density transmitter and 
resets the valve to a position which alters the cream flow from the separator 
to correct the fat content. 


Control circuit for remixing of cream 

The control circuit in figure 6.2.39 controls the amount of cream to be con- 
tinuously remixed into the skimmilk in order to obtain the required fat con- 
tent in the standardised milk. It contains two flow transmitters (2). One is 
located in the line for the cream to be remixed, and the other in the line for 
standardised milk, downstream of the remixing point. 

The signals from the flow transmitters are conveyed to the microcomput- 
er, which generates a ratio between the two signals. The computer com- 
pares the measured value of the ratio with a preset reference value and 
transmits a signal to a regulating valve in the cream line. 

Too low a fat content in the standardised milk means that too little cream 
is being remixed. The ratio between the signals from the flow transmitters 
will therefore be lower than the reference ratio, and the output signal from 
the computer to the control valve changes. The valve closes, creating a 
higher pressure drop and a higher pressure which forces more cream 
through the remixing line. This affects the signal to the computer; the ad- 
justment proceeds continuously and ensures that the correct quantity of 
cream is remixed. The electric output signal from the computer is converted 
into a pneumatic signal for the pneumatically controlled valve. 
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Remixing is based on known constant values of the fat content in the 
cream and skimmilk. The fat content is normally regulated to a constant 
value between 35 and 40% and the fat content of the skimmilk is deter- 
mined by the skimming efficiency of the separator. 

Accurate density control, combined with constant pressure control at the 
skimmilk outlet, ensures that the necessary conditions for remixing control 
are satisfied. Cream and skimmilk will be mixed in the exact proportions to 
give the preset fat content in the standardised milk, even if the flow rate 
through the separator changes, or if the fat content of the incoming whole 
milk varies. 

The flow transmitter and the regulating valve in the cream remixing circuit 
are of the same types as those in the circuit for control of the fat content. 


The complete direct standardisation line 

In figure 6.2.40 the complete direct standardisation line is illustrated. The 
pressure control system at the skimmilk outlet (5) maintains a constant 
pressure, regardless of fluctuations in the pressure drop over downstream 
equipment. The cream regulating system maintains a constant fat content in 
the cream discharged from the separator by adjusting the flow of cream 
discharged. This adjustment is independent of variations in the throughput 
or in the fat content of the incoming whole milk. Finally, the ratio controller 
mixes cream of constant fat content with skimmilk in the necessary propor- 
tions to give standardised milk of a specified fat content. The standard 
deviation, based on repeateability, should be less than 0.03% for milk and 
0.2 — 0.3% for cream. 
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Fig. 6.2.43 Bowl of two-phase Bacto- 
fuge for continuous discharge of bacto- 


fugate. 


Fig. 6.2.44 Bowl of one-phase Bacto- 
fuge for intermittent discharge of bacto- 
fugate. 
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Some options for fat standardisation 

In cheese production, for example, there is sometimes a requirement to 
standardise fat to SNF. Introducing a second density transmitter, located in 
the skimmilk pipe connected with the separator, satisfies this requirement. 
This arrangement is illustrated in figure 6.2.41 where the density transmit- 
ters serve two functions: 

1. To increase the accuracy of fat standardisation 

2. The density value is the base for the calculation of the SNF content. 

The control system converts the density of the skimmilk into SNF content, a 
value which is then used to control the ratio of fat to SNF. 

If on the other hand the fat content of the incoming milk is ower than the 
content specified for the standardised milk, the instrumentation is arranged 
as shown in figure 6.2.42. 

A calculated volume of skimmilk is “leaked” from the stream leaving the 
separator and the remaining volume is mixed with the cream. 

Note that the warm surplus skimmilk must be collected, cooled and 
pasteurised as soon as possible. 

Other options are also possible, such as addition of cream (whey cream) 
of known fat content, which is sometimes needed in standardisation of milk 
intended for cheesemaking. In order to utilise the cream obtained from 
separation of whey, a corresponding volume of ordinary cream is “bled” off. 
This arrangement allows cream of better quality to be utilised for production 
of quality butter and various types of cream, such as whipping cream. 


The Bactofuge®” 


Bactofugation is a process in which a specially designed centrifuge called a 
Bactofuge is used to separate micro-organisms from milk. 

Originally the Bactofuge was developed to improve the keeping quality of 
market milk. At the present time bactofugation is also used to improve the 
bacteriological quality of milk intended for other products like cheese, milk 
powder and whey for baby food. 

Bacteria, especially heat resistant spores, have a significantly higher 
density than the milk. A Bactofuge is therefore a particularly efficient means 
of ridding milk of bacteria spores. Since these spores are also resistant to 
heat treatment, the Bactofuge makes a useful complement to thermisation, 
pasteurisation and sterilisation. 

The original Bactofuge was a solid bowl centrifuge with nozzles in the 
perpihery of the bowl. It was long considered necessary to have a continu- 
ous flow of the heavy phase, either through a peripheral nozzle or over the 
heavy phase outlet of the Bactofuge, to achieve efficient separation. This 
was possibly true of the old solid-bowl centrifuges with vertical cylindrical 
walls, but in modern self-cleaning separators with a sludge space outside 
the disc stack, bacteria and spores can be collected over a period of time 
and intermittently discharged at preset intervals. 

There are two types of modern Bactofuge: 

e The two-phase Bactofuge has two outlets at the top: one for continuous 
discharge of bacteria concentrate (bactofugate) via a special top disc, and 
one for the bacteria-reduced phase. 

e The one-phase Bactofuge has only one outlet at the top of the bowl for 
the bacteria-reduced milk. The bactofugate is collected in the sludge space 
of the bowl and discharged at preset intervals. 

The amount of bactofugate from the two-phase Bactofuge is about 3% 
of the feed, while the corresponding amount from the one-phase Bactofuge 
can be as low as 0.15% of the feed. 

Bactofugate always has a higher dry matter content than the milk from 
which it originates. This is because some of the larger casein micelles are 
separated out together with the bacteria and spores. Higher bactofugation 
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temperature increases the amount of protein in the bactofugate. Optimal 
bactofugation temperature is 55 — 60°C. 

The reduction effect on bacteria is expressed in %. 

Bacteria belonging to the genus Clostridium — anaerobic spore-forming 
bacteria — are among the most feared by cheesemakers, as they can cause 
late blowing of cheese even if present in small numbers. That is why cheese 
milk is bactofugated. 

The arrangements for integration of bactofugation into a cheese milk 
pasteurisation plant are discussed in chapter 14, Cheese. 


Decanter centrifuges 


Centrifuges are used in the dairy industry to harvest special products like 
precipitated casein and crystallised lactose. The previously described disc- 
bowl centrifugal clarifiers, however, are not suitable for these duties due to 
the high solids content of the feed. 

The types most often used are sanitary basket centrifuges and decanter 
centrifuges, figure 6.2.45. Decanters, which operate continuously, have 
many applications. They are also used for example in plants producing soya 
milk from soybeans, and specially adapted models are widely used to de- 
water sludge in waste water treatment plants. 

A decanter centrifuge is a machine for continuous sedimentation of sus- 
pended solids from a liquid by the action of centrifugal force in an elongated 
rotating bowl. The characteristic which distinguishes the decanter from 
other types of centrifuge is that it is equipped with an axial screw conveyor 
for continuous unloading of separated solids from the rotor. The conveyor 
rotates in the same direction as the bowl but at a slightly different speed to 
give a “scrolling” effect. Other characteristic features of the decanter in- 
clude: 

1. A slender conocylindrical bowl rotating about a horizontal axis, 
2. Countercurrent flow with solids discharge from the narrow end and dis- 
charge of liquid phase from the wide end. 


The function of the decanter centrifuge 


The feed suspension is introduced through an inlet tube to the feed zone of 
the conveyor where it is accelerated and directed into the interior of the 
spinning rotor, figure 6.2.46. 

The solids, which must have a higher specific gravity than the liquid, 
settle out at the inner wall of the bowl almost instantaneously due to the 
intense centrifugal acceleration — normally in the range of 2 000 — 4 000 g - 
leaving a clear inner ring of liquid. 


Fig. 6.2.45 Decanter centrifuge 
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A decanter centrifuge is a 
machine for continuous 
sedimentation of suspended 
solids from a liquid by the action 
of centrifugal force in an 
elongated, horisontal rotating 
bowl. 
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Solids discharge 

The compact solids phase is transported axially towards the narrow end of 
the rotor by means of the screw conveyor, which is geared to turn at a 
slightly different speed than the bowl. On the way to the discharge ports the 
solids are lifted out of the liquid pool by the flights of the screw conveyor up 
along the dry beach. On the beach more liquid drains off and flows back 
into the pool. The dry solids are then finally discharged from the bowl 
through the discharge ports into the collecting chamber of the vessel that 
surrounds the rotor. From there and out of the machine the solids are re- 
moved by gravity through an outlet funnel. 


Liquid discharge (open) 

The liquid phase, forming a hollow cylinder due to the centrifugal force, 
flows in a helical channel between the flights of the conveyor towards the 
large end of the rotor. There the liquid overflows radially adjustable weirs 
into the centrate chamber of the collecting vessel and is discharged by 
gravity. 


Liquid discharge (pressurised) 

Some decanter centrifuges are equipped for pressurised discharge of the 
liquid phase by a paring disc, (ref. 4 in figure 6.2.46). The liquid overflowing 
the weirs enters a paring chamber where it once more forms a hollow rotat- 
ing cylinder. The channels in the stationary paring disc are immersed in the 
rotating liquid, which causes a pressure differential. The liquid travels down 
the channels, converting the energy of rotation into a pressure head suffi- 
cient to pump the liquid out of the machine and to succeeding processing 
steps. 


Continuous process 

In a decanter centrifuge the three stages of the process — inflow, sedimen- 
tation into concentric layers and separate removal of the liquid and solid 
phases — proceed in a fully continuous flow. 


Principal components 

The principal components of a decanter centrifuge are the bowl, conveyor 
and gearbox (together comprising the rotor) and the frame with hood, col- 
lecting vessels, drive motor and belt transmission. 


The bowl 
The bowl normally consists of a conical section and one or more cylindrical 
sections flanged together. The cylindrical part provides the liquid pool and 

the conical part the dry beach. 


Fig. 6.2.46 Section through the rotor of 
a decanter centrifuge with pressurised 
discharge. 
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The shell sections are usually ribbed or grooved on the inside to prevent 
the solids from sideslipping as the conveyor rotates. 

The conical section terminates in a cylindrical stub with one or two rows 
of solids discharge ports depending on machine type. These ports are in 
most cases lined with replaceable bushings of stellite or ceramic material to 
prevent abrasion. 

The wide end is closed by an end piece with four or more liquid overflow 
openings determining the radial level of liquid in the rotor. The liquid level 
can easily be varied by adjustment of the weir rings. In cases when the 
Clarified liquid phase discharge is by means of a paring disc (4), the adjusta- 
ble weirs lead into the paring chamber. 

The rotor is driven by an electric motor via V-belts and pulleys. 


The conveyor 

The conveyor is suspended in the bowl on bearings and rotates slowly or 
fast relative to the bowl, pushing the sediment towards the sludge ports at 
the narrow end. The configuration of the conveyor screw flights varies ac- 
cording to application: the pitch (Spacing between flights) may be coarse or 
fine, and the flights may be perpendicular to the axis of rotation or perpen- 
dicular to the conical part of the bowl mantle. Most models are equipped 
with single-flignt conveyors, but some have double flights. 


The gearbox 

The function of the gearbox is to generate the scrolling effect, i.e. the differ- 
ence in speed between bowl and conveyor. It is fitted to the hollow shaft of 
the bowl and drives the conveyor through a coaxial spline shaft. 

An extension of the sunwheel shaft, i.e. the central shaft of the gearbox, 
projects from the end opposite the bowl. This shaft can be driven by an 
auxiliary motor, enabling the conveyor speed to be varied relative to the 
speed of the bowl. 

The gearbox may be of planetary or cyclo type; the former produces a 
negative scrolling speed (conveyor rotates slower than bowl), while the 
latter, equipped with an eccentric shaft, gives a positive scrolling speed. 


Frame and vessel 

There are various designs of frame and vessel, but in principle the frame is a 
rigid mild steel structure carrying the rotor parts and resting on vibration 
insulators. 

The vessel is a welded stainless steel structure with a hinged hood which 
encloses the bowl. It is divided into compartments for collection and dis- 
charge of the separated liquid and solid phases. 

Liquid may be discharged by gravity or under pressure by a paring disc 
(ref. 4 in figure 6.2.46). Solids are discharged by gravity, assisted by a vibra- 
tor if necessary, into a collecting vessel or on to a conveyor belt, etc. for 
onward transport. 
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Homogenisers 


The technology behind 
disruption of fat globules 


Homogenisation has become a standard industrial process, universally 
practised as a means of stabilising the fat emulsion against gravity separa- 
tion. Gaulin, who invented the process in 1899, described it in French as 
“fixer la composition des liquides”. 

Homogenisation primarily causes disruption of fat globules into much 
smaller ones, see figure 6.3.1. Consequently it diminishes creaming and 
may also diminish the tendency of globules to clump or coalesce. Essential- 
ly all homogenised milk is produced by mechanical means. Milk is forced 
through a small passage at high velocity. 

The disintegration of the original fat globules is achieved by a combina- 
tion of contributing factors such as turbulence and cavitation. The net result 
reduces the fat globules to approximately 1um in diameter, which is accom- 
panied by a four- to six-fold increase in the fat/plasma interfacial surface 
area. The newly created fat globules are no longer completely covered with 
the original membrane material. Instead, they are surfaced with a mixture of 
proteins adsorbed from the plasma phase. 

Fox et al.” studied a fat-protein complex produced by the homogenisa- 
tion of milk. They showed that casein was the protein moiety of the complex 
and that it was probably associated with the fat fraction through polar 
bonding forces. They postulated further that the casein micelle was activat- 
ed at the moment it passed through the valve of the homogeniser, predis- 
posing it to interaction with the lipid phase. 


Process requirements 


The physical state and concentration of the fat phase at the time of homo- 
genisation contribute materially to the size and dispersion of the ensuing fat 
globules. Homogenisation of cold milk, in which the fat is essentially solidi- 
fied, is virtually ineffective. Processing at temperatures conducive to the 
partial solidification of milk fat (i.e. 30 - 35°C) results in incomplete disper- 
sion of the fat phase. Homogenisation is most efficient when the fat phase 
is in a liquid state and in concentrations normal to milk. Products of high fat 
content are more likely to show evidence of fat clumping, especially when 
the concentration of serum proteins is low with respect to the fat content. 
Cream with higher fat content than 12 % cannot normally be homogenised 
at the normal high pressure, because clusters are formed as a result of lack 
of membrane material (casein). A sufficiently good homogenisation effect 
requires approximately 0.2 g casein per g of fat. 

High-pressure homogenisation procedures cause the formation of small 
fat globules. The dispersion of the lipid phase increases with increasing 
temperatures of homogenisation and is commensurate with the decreasing 
viscosity of milk at higher temperatures. 
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Fig. 6.3.1 Homogenisation causes 
disruption of fat globules into much 
smaller ones. 


1) Fox, K.K., Holsinger, Virginia, Caha, Jeanne and Pallasch, 


M.J., J. Dairy Sci, 43, 1396 (1960). 
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Homogenisation temperatures normally applied are 60 — 70°C, and ho- 
mogenisation pressure is between 10 and 25 MPa (100 — 250 bar), de- 
pending on the product. 


Flow characteristics 


When the liquid passes the narrow gap the flow velocity increases, figure 
6.3.2. The speed will increase until the static pressure is so low that the 
liquid starts to boil. The maximum speed depends mainly on the inlet pres- 
sure. When the liquid leaves the gap the speed decreases and the pressure 
increases again. The liquid stops boiling and the steam bubbles implode. 


Forcer Homogenisation theories 
Seat Many theories of the mechanism of high pressure homogenisation have 
been presented over the years. For an oil-in-water dispersion 
: like milk, where most of the droplets are less than one 
PERET um (10 m) in diameter, two theories have survived. 
® Together they give a good explanation of the influence 
ALAI of different parameters on the homogenising effect. 
j The theory of globule disruption by turbulent eddies 
Homogenised _ = (“micro whirls”) is based on the fact that a lot of small ed- 
product nug: dies are created in a liquid travelling at a high velocity. Higher 
velocity gives smaller eddies. If an eddy hits an oil droplet of its own 
size, the droplet will break up. This theory predicts how the homogenising 
Gap = 0.1 mm effect varies with the homogenising pressure. This relation has been shown 
in many investigations. 


Homogenised 
product 


Fig. 6.3.2 At homogenisation the milk is The cavitation theory, on the other hand, claims that the shock waves 
forced through a narrow gap where the created when the steam bubbles implode disrupt the fat droplets. Accord- 
fat globules are split. ing to this theory, homogenisation takes place when the liquid is leaving the 


gap, so the back pressure which is important to cavitation is important to 
homogenisation. This has also been shown in practice. However, it is possi- 
ble to homogenise without cavitation, but it is less efficient. 


Single-stage and two-stage homogenisation 


Homogenisers may be equipped with one homogenising device or two 
connected in series, hence the names single-stage homogenisation and 
two-stage homogenisation. The two systems are illustrated in figures 6.3.5 
and 6.3.6. 

In single-stage and two-stage homogenisation the total homogenisation 
pressure is measured before the first stage, P,, and the homogenisation 
pressure in the second stage is measured before the second stage, P,. The 
two-stage method is usually chosen to achieve optimal homogenisation 
efficiency. Best results are obtained when the relation P, / P, is about 0.2. 
(See figure 6.3.9) 

Single-stage homogenisation may be used for homogenisation of: 

— products demanding a high viscosity (certain cluster formation). 
Two-stage homogenisation is used for: 

— products with a high fat content 

— products where a high homogenisation efficiency is desired. 

The formation and breakup of clusters in the second stage is illustrated in 
figure 6.3.3. 


Effect of homogenisation 


The effect of homogenisation on the physical structure of milk has many 
advantages: 

e Smaller fat globules leading to no cream-line formation, 

Whiter and more appetizing colour, 

Reduced sensitivity to fat oxidation, 

More full-bodied flavour, better mouthfeel, 

Better stability of cultured milk products. 


Fig. 6.3.3 Disruption of fat globules in 
first and second stages of homogeni- 
sation. 

1 After first stage 

2 After second stage 
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However, homogenisation also has certain disadvantages: 

e Homogenised milk cannot be efficiently separated. 

e Somewhat increased sensitivity to light - sunlight and fluorescent tubes — 
can result in “Sunlight flavour” (see also chapter 8, Pasteurised milk 
products). 

e Reduced heat stability, especially in case of single-stage 
homogenisation, high fat content and other factors contributing to fat 
clumping. 

e The milk will not be suitable for production of semi-hard or hard cheeses 
because the coagulum will be too soft and difficult to dewater. 


The homogeniser 


High-pressure homogenisers are generally needed when high-efficiency 
homogenisation is required. 

The product enters the pump block and is pressurised by the piston 
pump. The pressure that is achieved is determined by the back-pressure 
given by the distance between the forcer and seat in the homogenisation 
device. This pressure is P1 in the figure 6.3.9. P1 is always designated the 
homogenisation pressure. P2 is the back-pressure to the first stage or the 
inlet pressure to the second stage. 


Fig. 6.3.4 The homogeniser is a large 
high-pressure pump with a homogenis- 
ing device. 

1 Main drive motor 

2 V-belt transmission 
3 Pressure indication 
4 Crankcase 
5 Piston 

6 Piston seal cartridge 

7 Solid stainless steel pump block 
8 Valves 

9 Homogenising device 

10 Hydraulic pressure setting system 


The high-pressure pump 


The piston pump is driven by a powerful electric motor, ref. 1 in figure 6.3.4, 
through a crankshaft and connecting-rod transmission which converts the 
rotary motion of the motor to the reciprocating motion of the pump pistons. 

The pistons, ref. 5, run in cylinders in a high-pressure block. They are 
made of highly resistant materials. The machine is fitted with double piston 
seals. Water can be supplied to the space between the seals to cool the 
pistons. Hot condensate can also be supplied to prevent reinfection in 
aseptic processes. 
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Fig.6.3.5 The components of a single- 
stage homogenisation device. 

1 Forcer 

2 Impact ring 

3 Seat 

4 Hydraulic actuator 


w 


Fig. 6.3.6 Two-stage 
homogenisation head. 
1 First stage 

2 Second stage 


Note that the homogenisation 
pressure is not the pressure 
drop over the first stage. 
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The homogenisation device 


Figures 6.3.5 and 6.3.6 show the homogenisation and hydraulic system. 
The piston pump boosts the pressure of the milk from about 300 kPa (3 
bar) at the inlet to a homogenisation pressure of 10 — 25 MPa (100 - 250 
bar) depending on the product. The inlet pressure to the first stage before 
the device (the homogenisation pressure) is automatically kept constant. 
The oil pressure on the hydraulic piston and the homogenisation pressure 
on the forcer balance each other. The homogeniser is eqipped with one 
common oil tank, whether it has one or two stages. However, in 
two-stage homogenisation there are two oil systems, each with 
its own pump. A new homogenisation pressure is set by 
\ changing the oil pressure. The pressure can be read on the 
\ high-pressure gauge. 
Homogenisation always takes place in the first stage. 
The second stage basically serves two purposes: 
° Supplying a constant and controlled back-pressure to 
the first stage, giving best possible conditions for homogenisa- 
tion; 
e Breaking up clusters formed directly after homogenisation as 
shown in figure 6.3.3. 

The parts in the homogenisation device are precision ground. The im- 
pact ring is attached to the seat in such a way that the inner surface is 
perpendicular to the outlet of the gap. The seat has a 5° angle to make the 
product accelerate in a controlled way, thereby reducing the rapid wear and 
tear that would otherwise occur. 

Milk is supplied at high pressure to the space between the seat and 
forcer. The width of the gap is approximately 0.1 mm or 100 times the size 
of the fat globules in homogenised milk. The velocity of the liquid is normally 
100 — 400 m/s in the narrow annular gap, and homogenisation takes place 
in 10 — 15 microseconds. During this time all the pressure energy delivered 
by the piston pump is converted to kinetic energy. Part of this energy is 
converted back to pressure again after the device. The other part is re- 
leased as heat; every 40 bar in pressure drop over the device gives a tem- 
perature rise of 1°C. Less than 1% of the energy is utilised for homogenisa- 
tion, but nevertheless high pressure homogenisation is the most efficient 
method available. 


Homogenisation efficiency 


The purpose of homogenisation varies with the application. Consequently 
the methods of measuring efficiency also vary. 
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According to Stokes’ Law the rising velocity of a particle is given by: 
velocity 

force of gravity 

particle size 

density of the liquid 

density of the particle 

= viscosity 

in the formula: 


V 

g 
g 
p 
Nhp 


orv = constant x p? 


Thus it can be seen that reducing the particle size is an efficient way of 
reducing the rising velocity. Thus reducing the size of fat globules in milk 
reduces the creaming rate. 


Analytical methods 


Analytical methods for determining homogenisation efficiency can be divid- 
ed into two groups: 


Studies of creaming rate Laser light D 


The oldest way of determining the creaming rate is to take a sample, store it 

for a given time, and analyse the fat contents of different layers in the sam- 

ple. The USPH method is based on this. A sample of, say, 1 000 ml is 

stored for 48 hours, after which the fat content of the top 100 ml is deter- 

mined as well as the fat content of the rest. Homogenisation is reckoned to 

be sufficient if 0.90 times the top fat content is less than the bottom fat 

content. i 
The NIZO method is based on the same principle, but with this method Scattered light 

a sample of, say, 25 ml is centrifuged for 30 minutes at 1 000 rpm, 40°C Fig. 6.3.7 Particles analysis by laser 

and a radius of 250 mm. The fat content of the 20 ml at the bottom is divid- diffraction. 

ed by the fat content of the whole sample, and the ratio is multiplied by 

100. The resulting index is called the NIZO value. The NIZO value of pas- 

teurised milk is normally 50 - 80%. 


Sample Sensors 


Size distribution analysis 

The size distribution of the particles or droplets in a sample can be deter- 

mined in a well defined way by using a laser diffraction unit, figure 6.3.7, 

which sends a laser beam through a sample in a cuvette. The light will be 

scattered depending on the size and numbers of particles in the sample. 
The result is presented as size distribution curves. The percentage of the 


Volume 
distribution of fat, % 


= Homogenised at 250 bar 
Homogenised at 100 bar 
=m Unhomogenised milk 


Globule size, microns Fig. 6.3.8 Size distribution curves. 
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(fat) is given as a function of the particle size (fat globule size). Three typical 
size distribution curves for milk are shown in figure 6.3.8. Note that the 
curve shifts to the left as a higher homogenisation pressure is used. 


Energy consumption and influence 
on temperature 


Electric effect Pressure Pressure 
Flow Temp Pressure kW eat Dar Pressure Temp 
Vh s bar E P} P3 bar 
123 48 
Qin Tin Pin oo F Pout Tout 
18000 65 2 f i f 4 70 


1st 2nd 
homogenisation homogenisation 
stage stage 


Fig. 6.3.9 Energy, temperature and pressure in a homogenisation example. 


The electrical ef power input needed for homogenisation is expressed by 


the formula: 
Example 

E = Electrical effect, kW 
Qn = Feed capacity, |/h 18 000 I/h 
P} = Homogenisation pressure, bar 200 bar (20 MPa) 
Pa = Pressure to the pump, bar 2 bar (200 kPa) 
Toump = Efficiency coefficient of the pump 0.85 
Nal motor = Efficiency coefficient of the 

electrical motor 0.95 

E Qn x (P; F Ri kW 


36 000 x T pump * Mel. motor 


With the figures for feed capacity and pressures given on the right above, 
the electric power demand will be 123 kW. 

As was mentioned above, part of the pressure energy supplied is re- 
leased as heat. Given the temperature of the feed, T,,, the homogenisation 
pressure, P}, the pressure after homogenisation, P u and that every 4 MPa 
(40 bar) in pressure drop raises the temperature by 1°C, the following for- 
mula is applicable: 


The energy consumption, temperature increase and pressure decrease are 
illustrated in figure 6.3.9. 

T,, = 65°C 

P, = 200 bar (20 MPa) 

P u = 4 bar (400 kPa) 


resulting in 
To = 70°C. 


out 
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The homogeniser in a processing line 


In general the homogeniser is placed upstream, i.e. before the final heating 
section in a heat exchanger. Typically in most pasteurisation plants for mar- 
ket milk production, the homogeniser is placed after the first regenerative 
section. 

In production of UHT milk the homogeniser is generally placed upstream 
in indirect systems but always downstream in direct systems, i.e. on the 
aseptic side after UHT treatment. The homogeniser then is of aseptic de- 
sign with special piston seals, packings, sterile condensate condenser and 
special aseptic dampers. 

However, downstream location of the homogenisers is recommended for 
indirect UHT systems when milk products of fat content higher than 6 — 
10% and/or with increased protein content are going to be processed. The 
reason is that with increased fat and protein contents, fat clusters and/or 
agglomerates (protein) form at the very high heat treatment temperatures. 
These clusters/agglomerates are broken up by the aseptic homogeniser 
located downstream. 


== 
E Raw milk, 4% fat Fig. 6.3.10 Product flow at partial 
m Cream, 35% fat stream homogenisation. 
oun Skimmilk, 0.05% fat 1 Heat exchanger 
= Cream, 10% fat 2 Centrifugal separator 
m Standardised milk, 3% fat 3 Automatic fat standardisation device 
mum Cooling media 4 Homogeniser 

Heating media 


Full stream homogenisation 

Full stream or total homogenisation is the most commonly used form of 
homogensiation of market milk and milk intended for cultured milk products. 
The fat content of the milk is standardised prior to homogenisation, and 
sometimes (e.g. in yoghurt production) the solids-non-fat content too. 


Partial homogenisation 

Partial stream homogenisation means that the main body of skimmilk is not 
homogenised, but only the cream together with a small proportion of skim- 
milk. This form of homogenisation is mainly applied to pasteurised market 
milk. The basic reason is to reduce operating costs. Total power consump- 
tion is cut by some 65% because of the smaller volume passing through the 
homogeniser. 

As sufficiently good homogenisation can be reached when the product 
contains at least 0.2 casein per g fat, a maximum cream fat content of 12% 
is recommended. The hourly capacity of a homogeniser used for partial 
homogenisation can be dimensioned according to the example below. 
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The formulae for the calculations 


are: 
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Q, Á Ve T) 
i = Ta 
sm * i 


Example: 


Q, = Plant capacity, l/h 10 000 
Q,,, = Output of standardised milk, l/h 

Q, = Homogeniser capacity, l/h 

fn = Fat content of raw milk, % 4 

fin = Fat content of standardised milk, % 3 

f = Fat content of cream from separator, % 35 

fa = Fat content of cream to be homogenised, % 10 


The hourly output of pasteurised standardised milk, Q, will be approx. 
9 690 | which, inserted into formula 2, gives an hourly capacity of the ho- 
mogeniser of approx. 2 900 I, i.e. about a third of the output capacity. 

The flow pattern in a plant for partially homogenised milk is illustrated in 
figure 6.3.10. 


Health aspects of homogenised 
milk products 


In the early 1970s the American scientist K. Oster launched the hypothesis 
that homogenisation of milk allows the enzyme xanthineoxidase to pass into 
the bloodstream via the intestine. (An oxidase is an enzyme which catalyses 
the addition of oxygen to a substance or the removal of hydrogen from it.) 
According to Oster, xanthine oxidase is involved in the process that damag- 
es the blood-vessel wall and leads to atherosclerosis. 

That hyphothesis has now been rejected by scientists on the grounds 
that human beings themselves form these enzymes in thousandfold larger 
amounts than a theoretical contribution from homogenised milk would give. 

Thus homogenisation of milk has no harmful effects. From a nutritional 
point of view, homogenisation makes no significant difference, except per- 
haps that the fat and protein in homogenised products are broken down 
faster and more easily. 

However, Oster was right in that oxidation processes in the human body 
can be unwholesome and that diet is important to health. 
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Membrane filters 


Membrane technology is a proven separation method used on the mo- 
lecular and ionic levels. During the past twenty years, since the beginning 
of the 1970s, this technique has been adapted for the dairy industry. 


Definitions 

Definitions of some frequently used expressions : 

Feed = the solution to be concentrated or fractionated. 

Flux = the rate of extraction of permeate measured in 
litres per Square meter of membrane surface 
per hour (I/m?/h) 

Membrane fouling = deposition of solids on the membrane, 
irreversible during processing 

Permeate = the filtrate, the liquid passing through the 
membrane 

Retentate = the concentrate, the retained liquid 

Concentration factor = the volume reduction achieved by 


concentration, i.e. the ratio of initial volume of 
feed to the final volume of concentrate 

Diafiltration = a modification of ultrafiltration in which water is 
added to the feed as filtration proceeds in 
order to wash out feed components which will 
pass through the membranes, basically lactose 
and minerals. 


Membrane technology 


In the dairy industry, membrane technology is principally associated with 
e Reverse Osmosis (RO) 

— concentration of solutions by removal of water 
e Nanofiltration (NF) 

— concentration of organic components by removal of part of monovalent 

ions like sodium and chlorine (partial demineralisation) 
e Ultrafiltration (UF) 

— concentration of large and macro molecules 
e Microfiltration (MF) 

— removal of bacteria, separation of macro molecules 
The spectrum of application of membrane separation processes in the dairy 
industry is shown in figure 6.4.1. 

All the above techniques feature crossflow membrane filtration, in which 
the feed solution is forced through the membrane under pressure. The 
solution flows over a membrane and the solids (retentate) are retained while 
the permeate is removed. The membranes are categorised by their molecu- 
lar weight cutoff, supposedly the molecular weight of the smallest molecule 
that will not pass through the membrane. However, owing to various inter- 
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Particle size, um 0.0001 0.001 0.01 0.1 1.0 
Molecular weight, D 100 1 000 10 000 100 000 500 000 


Particle characteristic — lonic Molecular Macromolecular Cellular + microparticulate 


lons Whey proteins Fat globules Yeast, moulds 


Milk system Salts 
components 


Casein micelles | Bacteria 


Lactose/derivate Vitamins Whey protein aggregates, Cheese fines 


UF | Traditional filtration 


Separation 
process 


Fig. 6.4.1 Spectrum of application of membrane separation processes in the dairy industry. 


actions, a membrane cannot be selected purely on the basis of molecular 
weight cutoff. 


Feed flow As a matter of form it should be mentioned that traditional or convention- 
al filtration, also called dead end filtration, is usually used for separation of 
suspended particles larger than 10 um, while membrane filtration separates 
substances of molecular sizes less than 10 um. 


Filter The basic difference between conventional and membrane filtration is 


_ illustrated in figure 6.4.2. 
Precipitate 


Concentrate 


Feed flow (retentate) 


Filtrate Polarisation 


Membrane | 
effect 


Permeate 
(filtrate) 


Fig. 6.4.2 Basic differences of conventional (left) and membrane filtration. 


Several differences can be noted between conventional and membrane 
filtration, viz.: 
e The filter media used. 
Conventional filters are thick with open structures. 
Material: typically paper. 
Membrane filters are thin and of fairly controlled pore size. 
Material: polymers and ceramics, nowadays more rarely cellulose acetate. 
e In conventional filtration, gravity is the main force affecting particle sepa- 
ration. Pressure may be applied only to accelerate the process. The flow of 
feed is perpendicular to the filter medium, and filtration can be conducted in 
open systems. 
e In membrane filtration, the use of pressure is essential as driving force for 
separation and a cross-flow or tangential flow design is followed. The feed 
solution runs parallel to the membrane surface and the permeate flows 
perpendicular to the filtration membrane. Filtration must be carried out in a 
closed system. 
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Principles of membrane separation 


The membrane separation techniques utilised in the dairy industry serve 

different purposes: 

e RO -used for dehydration of whey, UF permeate and condensate. 

e NF -used when partial desalination of whey, UF permeate or 
retentate is required. 

e UF - typically used for concentration of milk proteins in milk and whey 
and for protein standardisation of milk intended for cheese, yoghurt 
and some other products. 

e MF- basically used for reduction of bacteria in skimmilk, whey and 
brine, but also for defatting whey intended for whey protein 
concentrate (WPC) and for protein fractionation. 

The general flow patterns of the various membrane separation systems are 

illustrated in figure 6.4.3. 


Pressure Bar 


Reverse Osmosis (RO) 30-60 


Nano Filtration (NF) 20-40 


Ultra Filtration (UF) 1-10 


Micro Filtration (MF) <1 


@ Bacteria, fat 


Permeate 
(filtrate) 
Fig 6.4.3 Principles of membrane filtration. 
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(concentrate) 
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Retentate Filtration modules 
The filtration modules used may be of different configurations, viz.: 


Permeate 

pune; Design Typical application 
Spiral-wound RO, NF, UF 
Plate and frame UF, RO 


Tubular, based on polymers UF, RO 
Tubular, based on ceramics MF, UF 
Hollow-fibre UF 


gae Plate and frame design 

These systems consist of membranes sandwiched between membrane 

Retentate SUpport plates which are arranged in stacks, similar to ordinary plate heat 
exchangers. The feed material is forced through very narrow channels that 

Feed may be configured for parallel flow or as a combination of parallel and serial 

=p iad | Ca channels. A typical design is shown in fig. 6.4.4. 

A module is usually divided into sections, in each of which the flow be- 

Support plate tween pairs of membranes is in parallel. The sections are separated by a 

and permeate N : ` á . 

collector special membrane support plate in which one hole is closed with a stop 

disc to reverse the direction of flow, giving serial flow between successive 
Fig. 6.4.4 Example of a plate and frame sections. Modules are availble in various sizes. 
system (DDS) for UF. Membrane material: typically polymers. 


Membrane 


Tubular design - polymers 
The system made by Paterson and Candy International Ltd, PCI, is an ex- 
ample of tubular systems used in the dairy industry. 
The PCI module for UF is illustrated in fig. 6.4.5. The module has 18 x 
12.5 mm perforated stainless steel tubes assembled in a shell-and-tube- 
like construction. All 18 tubes are connected in series. A replaceable 
membrane insert tube is fitted inside each of the perforated stainless 
steel pressure support tubes. Permeate is collected on the 
a outside of the tube bundle in the stainless steel shroud. The 
ee [etentate module can readily be converted from UF to RO. 


Perforated steel —~ a 
supporting tubes 


Tubular design - ceramic 
A tubular concept with ceramic membranes is steadily gaining 
ground in the dairy industry, especially in systems for reduction 
of bacteria in milk, whey, WPC and brine. 
The filter element, figure 6.4.6, is a ceramic filter manufactured 
by a French company, SCT (Société des Céramiques Techniques/ 
Ceraver). 
The thin walls of the channels are made of fine-grained ceramic and 
constitute the membrane. The support material is coarse-grained ceramic. 
In MF for bacteria removal the system is fed with skimmilk (with whole 
milk, the fat would also be concentrated, which is not 
wanted in applications for bacteria reduction). Most of 
the feed (about 95 %) passes through the membrane 
as permeate, in this case bacteria-reduced skim- 
milk. The retentate, some 5% of the feed, is 
bacteria-rich skimmilk. 
The filter elements (1, 7 or 19 in 
parallel) are installed in a module. Figure 
6.4.7 shows a module with 19 filter 
elements, one of which is exposed to 
the left of the module. For industrial 
purposes two modules are put to- 
gether in series, forming a filter loop 
together with one retentate circula- 


Membrane 


Fig. 6.4.5 Example of a tubular module 
to be integrated into a UF (or RO) sys- 
tem (PCI). 


Permeate 


Channel 


Retentate 


Support 


Membrane 


Support A : 
Fig 6.4.7 The filter elements,1, 7or 19 tion pump and one permeate circula- 
Fig.6.4.6 Cross-flow filtration in a (shown) in parallel, are installed in a tion pump, figure 6.4.10. 
multichannel element (19 channels). stainless steel module. 
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Pressure profiles 
O 1 2 3 4 Bar 


Pressure profiles 
O 1 2 3 4 Bar 


O 1 2 3 4 Bar O 1 2 3 4 Bar 


Fig 6.4.8 Pressure drop during conventional Fig 6.4.9 Pressure drop at the Uniform 
cross-flow microfiltration. Transmembrane Pressure system. 


Depending on the required capacity, a number of filter loops can be 
installed in parallel. 

The feed is pumped into the modules from below at a high flow rate. The 
very high transmembrane pressure (TMP) at the inlet quickly causes clog- 
ging of the membrane. This phenomenon is illustrated in fig. 6.4.8, which 
shows conventional cross-flow microfiltration. Experience shows that a low 
transmembrane pressure gives much better performance, but in conven- 
tional cross-flow microfiltration a low transmembrane pressure occurs only 
at the outlet, i.e. on a very small part of the membrane area. 

A unique Uniform Transmembrane Pressure (UTP) system has been 
introduced to achieve optimum conditions on the entire area. The patented 
system, illustrated in figure 6.4.9, involves high-velocity permeate circulation 
concurrently with the retentate inside the module, but outside the element. 
This gives a uniform TMP over the whole of the membrane area, with opti- 
mum utilisation of the membrane. 

The latter system is possible because the space between the elements 
inside the module, i.e. on the permeate side, is normally empty, but in the 
UTP version it is filled with plastic grains. The high-velocity circulation of 
permeate causes a pressure drop inside the channels. The pressure drop 
on the permeate side is regulated by the permeate pump and is constant 


Fig. 6.4.10 An industrial membrane filter 
loop consists of: 


during operation of the plant. - two filter modules connected in series 
. p — one retentate circulation pump 
Spir. al-wound design — one permeate circulation pump 


As the spiral-wound design differs from the other membrane filtration de- 
signs used in the dairy industry, it calls for a somewhat more detailled expla- 
nation. 

A spiral-wound element contains one or more membrane “envelopes”, 
each of which contains two layers of membrane separated by a porous 
permeate conductive material. This material , called 
the permeate channel spacer, allows the permeate a ġi SEE 
passing through the membrane to flow freely. The - 
two layers of membrane with the permeate chan- 
nel spacer between them are sealed with adhesive 
at two edges and one end to form the membrane 
“envelope”. The open end of the envelope is con- 
nected and sealed to a perforated permeate col- 
lecting tube. The envelope configuration is illustrat- 


ed in fig. 6.4.11. 
A plastic netting material, serving as a channel for Fig. 6.4.11 Envelope formation of the 
the flow of feed solution through the system and spiral-wound filter design. 
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known as the feed channel spacer, is placed in 
contact with one side of each membrane enve- 
lope. Due to the netting design the feed spacers 
also act as turbulence generators to keep the 
membrane clean at relatively low velocities. 

The entire assembly is then wrapped around 
the perforated permeate collecting tube to form 
the spiral-wound membrane. Spiral-wound mem- 
branes are equipped with an antitelescoping 
device between the downstream ends of the membrane ele- 
ments to prevent the velocity of treated fluid from causing the 
layers to slip. 

A spiral-wound assembly with the antitelescoping device is 
shown in figure 6.4.12. 

Several elements — normally three — can be connected in se- 


Fig. 6.4.12 Spiral-wound 
membrane with the antitele- 
scoping device. 


ries inside the same stainless steel tube as shown in figure 6.4.13. 
Membrane and permeate spacer material: polymer. 


Fig.6.4.13 Spiral-wound module assembly. Either or both of the pairs of connect- 


ing branches (X and Y) can be used for stackable housing, specially used in UF 
concepts. 


Hollow-fibre design 
Hollow-fibre modules are cartridges which contain bundles of 45 to over 
3 000 hollow-fibre elements per cartridge. The fibres are oriented in parallel; 
all are potted in a resin at their ends and enclosed in the permeate collect- 
ing tube of epoxy. 

The membrane has an inner diameter ranging from 0.5 to 2.7 mm, and 


Permate 


Fig. 6.4.14 UF cartridge during filtration 
(A), backflushing (B) and cleaning (C). 


Circulation of retentate Backflush with permeate Cleaning solution 
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the active membrane surface is on the inside of the hollow fibre. The out- 
side of the hollow-fibre wall, unlike the inner wall, has a rough structure and 
acts as a supporting structure for the membrane. The feed stream flows 
through the inside of these fibres, and the permeate is collected outside 
and removed at the top of the tube. 

A special feature of this design is its backflushing capability, which is 
utilised in cleaning and with permeate recirculated through the outer per- 
meate connection to remove product deposits on the membrane surface. 
Various modes of operation of a hollow-fibre module are illustrated in figure 
6.4.14. 

Membrane material: polymers. 


Separation limits for membranes 


The separation limit for a membrane is determined by the 
lowest molecular weight that can be separated. The mem- 
brane can have a definite or a diffuse separation limit, as illus- 
trated in figure 6.4.15 for two UF membranes. The same phe- 
nomena occur in other types of membrane separators, but the 
slope of the curves may be different. Membranes with a defi- 
nite separation limit separate everything with a definitely lower 
molecular weight, while membranes with a diffuse limit let 
some material with a higher molecular weight through and 
stop some with a lower molecular weight. 

The separation accuracy of a membrane is determined by 
pore size and pore size distribution. Because it is not possible 
to carry out an exact frationation according to molecular mass o 


Rejection Coefficient 


T 000 10000 100 000 


or molecular diameter, the cutoff is more or less diffuse. Molecular weight 
The definition that the molecular weight determines the separation limit , o. 
should be taken with some reservations, as the shape of the separated Fig. 6.4.15 Typical rejection character- 


particles also has an influence. A spherical particle is easier to separate than __‘Stics of ultrafiltration membranes show- 
a chain-shaped particle. In addition comes the build-up of a "secondary mg a mid pano ausemogcular 
membrane" by macromolecules, e.g. proteins, which may constitute a EAEE EOS: 

membrane which really determines the molecular cutoff value. 


Material transport through the 
membrane 


Separation capacity depends on a number of factors: 

e Membrane resistance, which is characteristic for each membrane and is 
determined by 
— the thickness of the membrane, 

— the surface area, 
— the pore diameter. 

e Transport resistance, i.e. the polarisation or fouling effect. Polarisation is 
a fouling (or blinding ) effect which occurs at the surface of the 
membranes as filtration proceeds. 

The formation of a layer of deposit can be explained as follows: 

e Large molecules (i.e. protein and fat) are transported by convection to 
the membrane at right angles to the direction of flow. 

e Aconcentration gradient produces back diffusion in the opposite 
direction. 

e Parallel to the membrane, the proteins present in the layer close to the 
membrane move at velocities which vary according to the increase in 
axial flow rate. 

e The polarisation effect is not uniformly distributed along the membrane, 
especially when the pressure drop gives different transmembrane 
pressures (TMP) along the membrane surface. The upstream end of the 
membrane is therefore cloged first. The polarisation gradually 
spreads over the whole surface, reducing capacity and eventually 
making it necessary to stop and clean the plant. 
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P4 = inlet pressure feed 
P2 = outlet pressure concentrate 
Pg = outlet pressure permeate 


e The main effect of polarisation is that the removal of permeate decreases 
as filtration proceeds. 

e The polarisation effect can be reduced in certain concepts by using 
backflush, reverse flow or UTP (possible when ceramic membranes 
are used). 


Pressure conditions 


Pressure is the driving force of filtration, and an important distinction must 
be made between: 
1. The hydraulic pressure drop along the module P = P.- P,. 

The higher the value of P, the higher the velocity through the module, the 
higher the shear on the membranes and the lower the polarisation effect. 
However, there are constraints such as the resistance to pressure of the 
membrane and the price of pumps capable of delivering both high flows 
and high pressure. 

2. The transmembrane pressure (TMP) is the pressure drop between the 
retentate and the permeate sides of the membrane at a particular point 
along the membrane. The main criterion of the efficiency of a membrane 
system — flux in I/m?/h — is a function of TMP. 

The TMP, i.e. the force which pushes the permeate through the mem- 
brane, is greatest at the inlet and lowest at the discharge end of the mod- 
ule. Since the decrease in TMP is linear, an average TMP is given by 

Pare 
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Fig. 6.4.16 Hydraulic (A) and transmembrane (B) pressure drops over a membrane 


The hydraulic pressure drop over the membrane (A) and the transmem- 
brane pressure profile (B) are illustrated in fig. 6.4.16. 


Principles of plant designs 


The operation of membrane filtration plants depends basically on the pres- 
sure generated by the pumps used. The following guides should be taken 
into consideration: 

1. The capacity of the pump(s) should match the required flow rate and the 
characteristics of the module(s), which vary widely according to module 
design and size. 

2. The pump(s) should be insensitive to changes in the viscocity of the 
processed stream up to the viscocity limit of the module. It/they should also 
operate efficiently at the temperatures used for processsing and cleaning. 
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Fig. 6.4.17 Batch membrane filtration plant 


3. The pump(s) must satisfy the sanitary standards for 
dairy equipment. RO concept 

Pumps of several types are used, including centrifugal 
pumps and positive displacement pumps. Sanitary cen- 
trifugal pumps are normally used as feed and circulation 
pumps, but sanitary positive displacement pumps are 
occasionally used as high pressure feed and circulation 
pumps for high-viscocity liquids, e.g. in the final stages of 
ultrafiltration of acidified milk. 

Membrane separation plants can be used for both 
batch and continuous production. The feed solution must 
not contain coarse particles, which can damage the very 
thin filtration skin. A fine-meshed strainer is therefore often 
integrated into the feed system. 


Batch production 


Plants for batch production, figure 6.4.17, are used mainly < 
for filtration of small volumes of product, for example in 
laboratories and experimental plants. A certain amount of 

the product to be treated is kept in a buffer tank. The 

product is circulated through the membrane separator until 

the required concentration is obtained. 


NN 
Continuous production ey 
Schematic designs of the membrane filtration plants re- ad 
ferred to are collected in figures 6.4.18. and 6.4.19. The 
plants illustrated in fig. 6.4.18 represent spiral-wound con- 
cepts for RO, NF and UF applications, with polymer mem- UF concept 
branes of different pore sizes, while fig. 6.4.19 shows a MF 1 


plant with ceramic membranes. 4 — 
As the RO membranes are much tighter than those of a 


the two other systems, a higher inlet pressure is required for 
production. This is maintained by three sanitary centrifugal <= 
feed pumps in series and one centrifugal circulation pump. 

The other two filtration plants, NF and UF, have more 
open membranes and can therefore manage with two feed 
pumps and one respectively. 

As was mentioned earlier, the MF concept is based on 
two elements operated in series in a filter loop system 


which also contains one centrifugal pump for circulation of Fig. 6.4.18 Design principles for differ- 
the retentate and one for circulation of the permeate. ent filter loops. 
The feed solution may be supplied from a separation 1 Membrane 
plant with a system for constant pressure at the outlet, or from a balance 2 Cooler 
tank equipped with a pump and a system for capacity regulation. 3 Strainer 
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Fig. 6.4.19 Design principle of a MF filter loop. 


Processing temperature in membrane 

filtration applications 

In most cases the processing temperature is about 50°C for dairy applica- 
tions. Filtration plants are normally supplemented with a simple cooling 
system integrated into the internal circulation loop to compensate for the 
slight rise in temperature that occurs during operation and maintain a con- 
stant processing temperature. 
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Fig. 6.4.20 Production module for UF processing. 
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Evaporators 


Removal of water 


Concentration of a liquid means removal of a solvent, in most cases water; 
concentration is distinguished from drying in that the final product — the 
concentrate — is still liquid. 

There are several reasons for concentrating food liquids, e.g. to 
reduce the cost of drying 

induce crystallisation 

reduce costs for storage and transportation 

reduce water activity in order to increase microbiological and chemical 
stability 

e recover by-products from waste streams 

Concentration of a liquid by evaporation under vacuum was introduced in 
1913. The process was based on a British patent by E.C. Howard which 
covered a steam-heated double-bottomed vacuum pan with condenser 
and air pump. 


Evaporation 


In the dairy industry evaporation is used for concentration duties such as 
milk, skimmilk and whey. It is also used as a preliminary step to drying. Milk 
products intended for milk powder are normally concentrated from an initial 
solids content of 9 — 13% to a final concentration of 40 — 50% total solids 
before the product is pumped to the dryer. 

Evaporation in the dairy industry is boiling off water from the solution. To 
do this heat must be supplied. The products to be evaporated are normally 
heat sensitive and can be destroyed by adding heat. To reduce this heat 
impact, evaporation takes place under vacuum, sometimes at temperatures 
as low as 40°C. At the same time the evaporator should be designed for 


Fig. 6.5.1 General principle of evapora- 


the shortest possible residence time. Most products can be concentrated tion. A partition is heated by hot steam 
with good results provided that the evaporator is designed for low tempera- and vapour evaporates from the liquid 
ture and short holding time. on the other side. 
Evaporator design 


It takes a large amount of energy to boil off water from the solution. This 
energy is supplied as steam. To reduce the amount of steam needed, the 
evaporation station is normally designed as a multiple-effect evaporator. 
Two or more units operate at progressively lower pressures and thus with 
progressively lower boiling points. In such an arrangement the vapour pro- 
duced in the previous effect can be used as heating medium in the following 
effect. The result is that the amount of steam needed is approximately equal 
to the total amount of water evaporated divided by the number of effects. 
Evaporators with up to seven effects are now used in the dairy industry. 
Alternatively, electricity can be used as the energy source; in this case an 
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electrically powered compressor or fan is used to recompress the vapour 
leaving the effect to the pressure needed on the heating side. 

Although evaporator plants generally work on the same principle, they 
differ in the details of their design. The tubes that fom the partitions be- 
tween steam and product can be either horizontal or vertical and the steam 
can be circulated either inside or outside the tubes. In most cases the prod- 
uct circulates inside vertical tubes while steam is applied to the outside. The 
tubes can be replaced by plates, cassettes or lamellas. 


Circulation evaporators 


Circulation evaporators can be used when a low degree of concentration is 
required or when small quantities of product are processed. 

In yoghurt production, for example, evaporation is utilised to concentrate 
milk 1.1 to 1.25 times, or from 13% to 14.5% or 16.25% solids content 
respectively. This treatment simultaneously de-aerates the product and rids 
it of off-flavours. 

The circulation evaporation process is shown in figure 6.5.2. The milk, 
heated to 90°C, enters the vacuum chamber tangentially at a high velocity 
and forms a thin, rotating layer on the wall surface, see figure 6.5.3. As it 


Fig. 6.5.2 Process line for a circulation evaporator. 
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swirls around the wall, some of the water is evaporated and the vapour is 
drawn off to a condenser. Air and other non-condensable gases are ex- 
tracted from the condenser by a vacuum pump. 

The product eventually loses velocity and falls to the inwardly curved 
bottom, where it is discharged. Part of the product is recirculated by a cen- 
trifugal pump to a heat exchanger for temperature adjustment, and thence 
to the vacuum chamber for further evaporation. A large amount of product 
must be recirculated in order to reach the desired degree of concentration. 
The flow through the vacuum chamber is 4 to 5 times the inlet flow to the 
plant. 


Falling film evaporators 

The falling film evaporator is the type most often used in the dairy industry. 
In a falling film evaporator the milk is introduced at the top of a vertically 
arranged heating surface and forms a thin film that flows down over the 
heating surface. The heating surface may consist of stainless steel tubes or 
plates. The plates are stacked together forming a pack with the product on 
one side of the plates and steam on the other. When tubes are used, the 
milk forms a film on the inside of the tube, which is surrounded by steam. 
The product is first preheated to a temperature equal to or slightly higher 
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than the evaporation tempera- 
ture, figure 6.5.4. From the 
preheater the product flows to 
the distribution system at the 
top of the evaporator. Pulling a 
vacuum in the evaporator re- 
duces the evaporation tempera- 
ture to the desired level below 
100°C. 


Tubular type 


evaporator 
The major key to success with 
falling film evaporators is to 
obtain uniform distribution of the 
milk over the heating surface. 
This can be achieved in many Conden- 
ways. sate 

In a tubular type it can be 
solved, as in figure 6.5.5, by 
using a specially shaped nozzle 
(1) that distributes the product 


Vapour 


over a spreader plate (2). The L» 
product is slightly superheated Fig. 6.5.4 Single-effect Concentrated 
and therefore expands as soon falling film evaporator. milk outlet 


as it leaves the nozzle. Part of Fig. 6.5.5 Upper section of a falling film 


the water is vaporised immedi- NADOA! 
dih f th dúctoutward nsttheinsid fth 1 Product feed nozzle 
ately, and the vapour forces the product outwards against the insides of the 5 Spreader plate 
tubes. 3 Steam for heating 
4 Coaxial tubes 
Plate type evaporator 5 Openings 
Distribution in a plate type falling film evaporator can be arranged with two 6 Vapour 
pipes running through the plate pack. For each product plate there is a 7 Evaporator tubes 
spray nozzle (ref. 1 in figure 6.5.6) in each product pipe spraying the prod- mum Product 
uct in a thin, even film over the plate surface. In this case the product enters === Vapour 
at evaporation temperature to avoid instant flash evaporation during the mums Heating medium 
distribution phase. 
The water content of the thin product film evaporates rapidly as the 
1 
| 
ț 3 oT Sy 
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m Product Fig. 6.5.6 Plate type cassette evaporator. 
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Product 

Vapour 

Cooling medium 
Heating medium 


product passes over the heating surface. A vapour cyclone separator (2) is 
fitted at the outlet of the evaporator. This separates the vapour from the 
concentrated liquid. 

As evaporation proceeds, the volume of liquid decreases and the volume 
of vapour increases. If the vapour volume exceeds the available space, the 
velocity of the vapour will rise, resulting in a higher pressure drop. This will 
require a higher temperature difference between the heating steam and the 
product. To avoid this, the available space for vapour must be increased as 
vapour volume increases. 

To achieve optimum evaporation conditions, the product film needs to 
have approximately the same thickness over the length of the heating sur- 
face. Since the volume of available liquid steadily decreases as the product 
runs down the heating surface, the perimeter of the heating surface must 
be decreased to keep the film thickness constant. Both these conditions 
are fulfilled by the plate design of the falling film cassette evaporator shown 
in figure 6.5.6. This unique solution makes it possible to evaporate using 
very small temperature differences at low temperatures. 

The residence time in a falling film evaporator is short compared to other 
types. The combination of temperature and time in the evaporator deter- 
mines the thermal impact on the product. Using a falling film evaporator 
with a low temperature profile is a considerable advantage for the concen- 
tration of dairy products which are sensitive to heat treatment. 


Multiple-effect evaporation 

Multiple-effect evaporation is usually used. The theory is that if two evapora- 
tors are connected in series, the second can operate at a higher vacuum 
(and therefore at a lower temperature) than the first. The vapour evolved 
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Fig. 6.5.7 Two-effect cassette evaporator with thermocompressor. 


71 Thermocompressor 

2 First evaporation effect 

3 Second evaporation effect A First passage of first effect 

4 Vapour separator for first effect B Second passage of first effect 

5 Vapour separator for second effect C First passage of second effect 

6 Plate condenser D Second passage of second effect 
7 Preheater E Third passage of second effect 


from the product in the first effect can then be used as the heating medium 
in the second, which operates at a higher vacuum (lower temperature). 1 kg 
of water can be evaporated from the product with a primary steam input of 
about 0.6 kg, even allowing for heat losses. 

It is also possible to connect several evaporators in series to improve 
steam economy. This makes the equipment more expensive and more 
complicated to run. It also involves a higher temperature in the first effect, 
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and the total volume of product in the system increases with the number of 
effects. This is a drawback in treatment of heat-sensitive products. Howev- 
er, evaporators with up to seven effects are used in the dairy industry for the 
sake of low energy consumption. 


Thermocompression 

The vapour evolved from the product can be compressed and used as a 
heating medium. This improves the thermal efficiency of the evaporator. A 
thermocompressor is used for this purpose. 

Figure 6.5.7 shows a two-effect evaporator with a thermocompressor for 
evaporation of milk. Part of the vapour from the vapour separator is sup- 
plied to the thermocompressor, to which high-pressure steam (600 — 1 000 
kPa) is connected. The compressor uses the high steam pressure to in- 
crease the kinetic energy, and the steam is ejected at high speed through 
the nozzle. The ejector effect mixes the steam and the vapour from the 
product and compresses the mixture to a higher pressure. A single evapo- 
rator with a thermocompressor is as economical as a two-effect unit with- 
out one. Using thermocompression together with multiple-effect units opti- 
mises thermal efficiency. 

The milk is pumped from a balance tank to the pasteuriser, where the 
milk is pasteurised and the temperature is adjusted to the boiling tempera- 
ture in the first effect. The milk continues to the first effect (2) of the evapo- 
rator, which is under a vacuum corresponding to a boiling temperature of 
60°C. The water evaporates and the milk is concentrated as the thin film of 
milk passes the two plate passages. 

The concentrate is separated from the vapour in the cyclone (4) and 
pumped to the second effect (8). In this effect the vacuum is higher, corre- 
sponding to a temperature of 50°C. 

After further evaporation in the second effect, the concentrate is separat- 
ed from the vapour in the cyclone (5) and pumped out of the system via the 
preheater (7). 

Injection of high-pressure steam into the thermocompressor (1) increases 
the pressure of the vapour evolved from the product in the second effect. 
The steam/vapour mixture is then used as a heating medium in the first 
effect (2). 


Evaporation efficiency 

A two-effect falling-film evaporator with thermocompressor requires about 
0.25 kg of steam to evaporate 1 kg of water and a five-effect evaporator 
about 0.20 kg of steam. Without the thermocompressor they would need 
about 0.60 and 0.40 kg of steam respectively. 

Demand for lower energy consumption has led to the construction of 
plants with more than six effects. The maximum boiling temperature on the 
product side is normally 70°C in the first effect and 40°C in the last. 

A temperature difference between 40°C and 70°C makes 30°C available 
for the dimensioning of the plant. The greater the number of effects, the 
lower the temperature difference in each individual effect. 

Temperature difference is also lost in the form of pressure drop and in- 
creased boiling point. The sum of these in a multi-effect plant can corre- 
spond to a temperature difference of 5- 15°C. This requires larger heat 
transfer surfaces and higher capital costs. Larger heat transfer surfaces 
mean increased demands on equipment to distribute the liquid efficiently 
over the surfaces. 

Increased length of heat transfer surfaces adds a further negative factor; 
it takes longer for the product to pass the heat transfer surface, which 
means that the residence time of the product in the evaporator is longer. 

In a seven-effect evaporator with thermocompressor, it is possible to 
evaporate 12 kg water with 1 kg steam. This means that the specific steam 
consumption is 0.08. 

How far the concentration process can be forced is determined by prod- 
uct properties such as viscosity and heat resistance. Concentrations of 
skimmilk and whole milk are usually maximised to 48% and 52% respec- 
tively. 
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If concentrates with higher solids contents are required, the evaporator 
must have a finishing effect (thickener). 


Mechanical vapour compression 

Unlike a thermocompressor, a mechanical vapour compression system 
draws all the vapour out of the evaporator and compresses it before return- 
ing it to the evaporator. 

The pressure increase is accomplished by the mechanical energy that 
drives the compressor. No thermal energy is supplied to the evaporator 
(except steam for pasteursation in the first effect). There is no excess steam 
to be condensed. 

In mechanical vapour compression the total amount of steam is circulat- 
ed in the plant. This makes a high degree of heat recovery possible. 

Figure 6.5.8 shows a three-effect plant with mechanical vapour com- 
pression. The compressed vapour is returned from the compressor (3) to 
the first effect (4) to heat the product. The vapour evolved from the first 
effect is then used to heat the second effect, the vapour that boils off the 
product in the second effect is used in the third, and so on. 

The compressor boosts the steam pressure from 20 to 32 kPa, raising 
the condensation temperature from 60 to 71°C. 

A condensation temperature of 71°C is not sufficient to pasteurise the 
product in the first effect. A thermocompressor (1) is therefore installed 
before the first effect to raise the condensation temperature to the required 
value. 

After vapour separation in the third effect, the vapour continues to a 
small condenser where surplus steam from steam injection is removed. The 
condenser also controls the heat balance in the evaporator. 

Mechanical vapour compression makes it possible to evaporate 100 — 
125 kg water with 1 kW. Using a three-effect evaporator with mechanical 
vapour compression can halve the operating costs compared to a conven- 
tional seven-effect plant with a thermocompressor. 

High-speed fans are another form of mechanical compression. They are 
used in the same way as thermal vapour compressors, or when the neces- 
sary temperature increase is only a few degrees. 
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Fig. 6.5.8 Three-effect evaporator with mechanical vapour compression. 
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Deaerators 


Air and gases in milk 


Milk always contains greater or lesser amounts of air and gases. The vol- 
ume of air in milk in the udder is determined by the air content of the cow’s 
bloodstream. The oxygen (O,) content is low, being chemically bound to the 
hæmoglobin in the blood, while the carbon dioxide (CO,) content is high 
because the blood carries large volumes of CO, from the cells to the lungs. 
The total volume of air in milk in the udder can be some 4.5 — 6 %, of which 
O, constitutes about 0.1%, N, (nitrogen) about 1% and CO, 3.5 - 4.9%. 

Milk is exposed to air in several ways during milking. Atmospheric oxy- 
gen dissolves in the milk, while CO, is released from it. Part of the air does 
not dissolve in the milk but remains in a finely dispersed form, often adher- 
ing to the fat. 

After milking and collection in a churn or cooling tank, the milk may con- 
tain 5.5 — 7.0% air by volume with 6% as an average figure. See table 6.6.1. 

The equilibrium that prevails between those three states of aggregation is 
determined by temperature and atmospheric pressure. When the tempera- 
ture rises, during pasteuration for instance, dissolved air goes from solution 
to dispersion. It is the dispersed air that causes problems in milk treatment. 


Table 6.1 
Gas content (volume%) of commercial mixed raw milk 


Oxygen Nitrogen Carbon Total gas 
dioxide 
Minimum 0.30 ileal 3.44 4.92 
Maximum 0.59 1.63 6.28 8.50 
Average 0.47 1.29 4.45 6.21 
Further air admixture 


More air is introduced into the milk during handling at the farm and trans- 
portation to the dairy, and in conjunction with reception at the dairy. It is not 
unusual for incoming milk to contain 10% air by volume or even more. Fine- 
ly and coarsely dispersed air predominates at this stage. The basic prob- 
lems caused by dispersed air are: 
Inaccuracy in volumetric measurement of milk. 
Incrustation of heating surfaces in pasteurisers (fouling). 
Reduced skimming efficiency in separators. 
Loss of precision in automatic in-line standardisation. 
Concentration of air in cream, causing 
— inaccurate in-line fat standardisation, 
— incrustation of cream heaters, 
— “pre-churning” resulting in 

e loss of yield in butter production, 

* adhesion of free fat to the tops of packages. 
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Fig. 6.6.1 Milk in the udder contains 
4.5 - 6% gases. 


Air in milk occurs in three states: 
1. dispersed 

2. dissolved 

3. chemically bound 


Dispersed air causes problems. 
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e Reduction of the stability of cultured milk products (expulsion of whey). 
Various methods of deaeration are therefore used to avoid jeopardising 
production and the quality of the products. 


Air elimination at collection 

When milk is collected in road tankers, from churns or bulk cooling tanks, 
the milk from each farm is normally measured by a volumeter in conjunction 
with pumping. To get as accurate values as possible, the milk should be 
passed through an air eliminator just before being measured, and most 
tankers are therefore provided with an air eliminator through which the farm- 
er’s milk must pass before being measured before being pumped aboard 
the tanker. 

One system (Wedholms, S) is shown in figure 6.6.2. The pump equip- 
ment is placed in a cabinet at the rear end of the tanker. The purpose of the 
equipment is to strain, pump, eliminate air and measure the volume of the 
milk before it enters the collecting tanks of the tanker. 

The suction hose (1) is connected to the farmer’s churns and/or bulk 
cooling tanks. The milk is sucked through a strainer (2) and pumped to the 
air eliminator (4). The positive displacement pump (8) is self-priming. 

While the level of milk rises in the air eliminator, the float inside also rises; 
at a certain level the float closes the valve at the top of the vessel. The pres- 
sure inside the vessel increases and the check valve (6) is released. The milk 
flows via the measuring unit (5) to the valve cluster (7) and the tanks in the 
tanker. The tanker is emptied through the outlet (8) by the hose (9). 


Milk reception 

On arrival at the dairy the milk will again contain dispersed air as a result of 
the jolting of the road tankers en route to the dairy. Normally the milk is 
measured as it is pumped to the reception tanks. Here again, the milk 
should first pass an air eliminator of the same type to ensure accurate 


Fig. 6.6.3 Milk reception at 
the dairy with air eliminator (1) 
and volume measuring device 
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measurement, figure 6.6.3. 

The inlet of the cylindrical vessel must be located at a lower level than 
the outlet pipe of the milk tank(s) on the vehicle, as the milk should not be 
pumped into the vessel but transferred to it by gravity. The system can be 
manually or automatically operated. 

In both cases the efficiency of air elimination depends very much on how 
finely dispersed the air is. The smallest air bubbles cannot be removed. 


Vacuum treatment 


Vacuum deaeration has been used successfully to expel dissolved air and 
finely dispersed air bubbles from milk. Preheated milk is fed to an expansion 
vessel, figure 6.6.4, in which the vacuum is adjusted to a level equivalent to 
a boiling point about 7 — 8°C below the preheating temperature. If the milk 
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enters the vessel at 68°C, the temperature will immediately drop to 68 - 8 = 
60°C. The drop in pressure expels the dissolved air, which boils off together 
with a certain amount of the milk. 

The vapour passes a built-in condenser in the vessel, condenses, and 
runs back into the milk, while the boiled-off air, together with non-conden- 
sable gases (certain off-flavors) is removed from the vessel by the vacuum 
pump. 

For production of yoghurt the vacuum vessel is not provided with a con- 
denser, as milk intended for yoghurt is normally also slightly (15 — 20%) 
concentrated. Condensation of vapour is arranged separately. 


Deaeration in the milk treatment line 


Whole milk is supplied to the pasteuriser and heated to 68°C. It then pro- 
ceeds to the expansion vessel for vacuum treatment. To optimise the effi- 
ciency, the milk enters the vacuum chamber tangentially through a wide 
inlet, which results in exposure of a thin film on the wall. Expansion of the 
vapour flashed off from the milk at the inlet accelerates the flow of milk 
down the wall. 

On the way down towards the outlet, which is also located tangentially, 
the velocity decreases. The feed and discharge capacities are thus identi- 
cal. 

The deaerated milk, now at a temperature of 60°C, is separated, stan- 
dardised and homogenised before returning to the pasteuriser for final heat 
treatment. 

With a separator integrated in the processing line a flow controller must 
be placed before the separator to maintain a constant flow through the 
dearator. In this case the homogeniser must be provided with a circulating 
loop. In a process line without separator, the homogeniser (without a circu- 
lation loop) will maintain the constatnt flow through the dearator. 
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Fig. 6.6.4 Flow of milk and air in the 


vacuum deaerator with built-in condenser. 
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Fig. 6.6.5 Milk treatment plant with 
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Pumps 


Pumping demands 


Demands on processes have grown steadily harder with respect to both the 
quality of the products and the profitability of the processes. Formerly it was 
often possible to allow liquids to flow through a plant by gravity. Nowadays 
they are forced through long pipelines with many valves, through heat ex- 
changers, filters and other equipment which often have high pressure 
drops. The flow rates are frequently high. Pumps are therefore used in nu- 
merous parts of a plant, and the need to have the right pump in the right 
place has become increasingly important. Many problems may arise; they 
can be summarised under the following headings: 
e Pump installation 
e Suction and delivery lines 
e Type and size of pump required should be selected with regard to: 

— flowrate 

— product to be pumped 

— viscosity 

— density 

— temperature 

— pressure in the system 

— material in the pump 
Typical dairy pumps are the centrifugal, liquid-ring and positive displace- 
ment pumps. The three types have different applications. The centrifugal 
pump is the type most widely used in dairies. 

The centrifugal pump, shown in figures 6.7.1 and 6.7.2, is mainly used 


Fig. 6.7.1 The most common type of 


; : : ; ee sanitary pump in the dairy is the centrifu- 
for low-viscosity products, but it cannot handle heavily aerated liquids. The gal pump. 


liquid-ring pump is used when the air content is high. The positive displace- 
ment pump is used for gentle treatment and high viscosities. 


— Fig. 6.7.2 Main parts of a centrifugal 
a pump. 

E 1 Delivery line 

Tl 4 2 Shaft seal 

Suction line 

Impeller 

Pump casing 

Back plate 

Motor shaft 

Motor 

Stainless steel shroud and sound 
insulation 


OANA AA 


Dairy Processing Handbook/chapter 6.7 143 


How to avoid cavitation 
The general rule of thumb is: 
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Low pressure drop in the 
suction line (large pipe diame- 
ter, short suction pipe, few 
valves, few bends, etc.) 

High inlet pressure to the 
pump, for example a high 
liquid level above the pump 
Low liquid temperature 


Suction line 
Before we discuss the pumps themselves, it is important to understand the 
facts and problems connected with pumping. 

The pump should be installed as close as possible to the tank or other 
source from which the liquid is to be pumped, and with as few bends and 
valves as possible in the suction line. This should have a large diameter in 
order to reduce the risk of cavitation. 


Delivery line 

Any throttling valve must be fitted in the delivery line, possibly together with 
a check valve. The throttling valve is used to adjust the flow rate of the 
pump. The check valve protects the pump from water hammer and pre- 
vents liquid from flowing back when the pump has stopped. The normal 
place for the check valve is between the pump and the throttling valve. 


Cavitation 

Cavitation can be detected by a crackling sound in the pump. It occurs 
when the pressure drops locally below the vapour pressure and small va- 
pour bubbles form in the liquid. The pressure increases as the liquid contin- 
ues further into the impeller, and the vapour condenses very rapidly. The 
vapour bubbles collapse at a very high velocity and at a local pressure 
which can be as high as 100,000 bar. This is repeated with a high frequen- 
cy and can cause pitting damage to the surrounding material, particularly if 
it is brittle. 

Cavitation occurs when the pressure in the suction line is too low relative 
to the vapour pressure of the pumped liquid. The tendency to cavitation 
increases when viscous or volatile liquids are pumped. 

Cavitation in pumps results in reduced head and efficiency. As cavitation 
increases, the pump gradually stops pumping. 

Cavitation should be avoided. However, should the pumping conditions 
be very difficult and the pump cavitates slightly but is otherwise operating 
well, it is still possible to use the pump, as dairy pumps have impellers of 
acidproof steel which is very resistant to wear caused by cavitation. Some 
damage to the impeller may occur when the pump has been in operation 
for a long time. 

The possibility of cavitation occurring in a pump can be predicted by 
calculation. See under NPSH. 


Pump chart 


Pump charts are an invaluable aid to selecting a pump for a given applica- 
tion. Three curves are needed to select the correct pump. 

e Flow rate and head, QH curve 

e Required motor power, kW 

e NPSH (net positive suction head) 

The charts are drawn on the basis of tests with water. The data in the chart 
must be recalculated if liquids with other physical properties are to be 
pumped. 

The required flow rate, Q, is usually known when a pump is going to be 
selected. In the example shown in figure 6.7.4 the flow rate, Q, is 15 m°/h. 
The required head must usually be calculated. Here we assume 30 m. 

Locate the flow rate on the bottom Q scale. Start from this point and 
follow a vertical line upwards until it intersects a horizontal line indicating the 
required head, 30 m, on the H scale. This point does not meet any of the 
QH curves indicating the impeller diameter. The nearest larger impeller size, 
in this case 160 mm, should be chosen. The resulting head will be 31 me- 
tres liquid column. 

The next step is to follow the vertical 15 m°/h line downwards until it 
intersects the power curve for the 160 mm impeller. A horizontal line to the 
left of the intersection indicates a power consumption of 2.3 kW. To this 
figure a safety margin of approx. 15 % must be added, giving a total of 
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approx. 2.6 kW. A 3 kW motor can conse- Freda NPSHreq (m) 
quently be used. T 
If the pump is fitted with a motor of a 35 
certain size, always check that the motor is 31 
not overloaded. There should always be a 
safety margin for excess load. 25 =“ 
Finally, the 15 m°/h vertical line is followed 20 Ll 
to the NPSH curve, to the right in the top 
diagram. Following the horizontal line to the i 
right, shows that the required NPSH value is 10 = 
1 metre. 


ll ie 


Head (pressure) 5 10 15 20 25 30 35 40 45 50 55 60 65 Q (mi) 
When selecting a pump it should be remem- P (kW) 
bered that the head, H, in the flow chart is ; 
the head of the pump when the liquid flows 10 __ |e 
into the pump without suction lift or inlet | 
pressure. _—— 
To obtain the actual pressure after the 5 i : 
pump it is necessary to consider the condi- 
tions on the suction side of the pump. If there 2.3 --- 
iS a vacuum in the suction line, the pump 
must do part of its work before the liquid ie 
reaches it. The pressure at the outlet is then i 
lower than that given in the chart. 


On the other hanad, if the suction line is B 
flooded to give positive pressure at the pump 7 
inlet — the outlet pressure will be higher than 5 10 15 20 25 30 35 40 45 50 55 60 65 Q (m%h) 
shown in the chart. : 
Fig. 6.7.3 Pump chart for a centrifugal pump. 
NPSH (Net Positive 
Suction Head) 


As previously mentioned, in planning a pump installation it is important that 
the suction line is laid out so that the pump does not cavitate. An NPSH 
curve is included in the flow charts, figure 6.7.3. The NPSH of a pump is the 
necessary excess pressure above the vapour pressure of the liquid required 
to avoid cavitation. This is called NPSH eq: 

Before this can be used, the available NPSH of the suction line in prevail- 
ing operation conditions must be calculated. This figure, NPSH,,, should be 
equal to or higher than the required NPSH, which is the value in the chart. 

The following formula is used to calculate NPSH,, in the system. 
pressure in bar abs at the liquid surface 
vapour pressure in bar abs 
relative density 
static suction lift in metres liquid column 
pressure drop in suction line, metres liquid column 


o 


N s < 


So OO. OG 


ae 


Pa p, 
NESH = f= he 7 x 10 - E 


if É 


- x 10 m liquid column 


Note that h, is negative for suction lift and positive for inlet pressure. 


Shaft seals 


The shaft seal is often the most sensitive component in a pump, as it must 
seal between a rotating part — impeller or shaft - and a stationary part — the 
pump casing. Normally a mechanical seal is used. 

A rotating seal ring has a lapped sealing surface which rotates against a 
lapped stationary seal ring. A liquid film is formed between the sealing sur- 
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Fig. 6.7.4 Single mechanical shaft seal 
Shaft 

Stationary ring 

Spring 

O-ring 

Rotating ring 

Back plate 

Impeller 


NOOR OM = 


Flushing liquid outlet 


Flushing liquid inlet 


Fig. 6.7.5 Flushed shaft seal 
1 Stationary ring 

2 Rotating ring 

3 Lip seal 
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faces. The film lubricates the seal and prevents direct contact between the 
two seal rings. This means minimum wear and long life for the seal. If the 
pump runs dry, the lubricating liquid film in the seal is destroyed and wear 
on the sealing rings is increased. 

The mechanical seal is usually balanced. This means that it is insensitive 
to the pressure in the pump. The sanitary mechanical seal needs no adjust- 
ment and causes no wear on the shaft. It is available in single or flushed 
versions. 


Single mechanical seal 
Single mechanical seals, figure 6.7.4, are standard in most sanitary pumps 
for the dairy industry. 

In a mechanical seal the stationary seal ring is fastened to the back plate 
of the pump casing. The rotating ring can be fitted inside or outside the 
pump and is sealed with an O-ring. The rotating ring can move along the 
shaft and is pressed against the stationary ring by a spring. 


Flushed shaft seal 


The flushed seal, figure 6.7.5, consists of two seals. Water or steam is 

circulated through the space between the two seals to cool or clean the 

seals or to create a barrier between the product and the atmosphere. 
The flushed shaft seal is recommended for the following applications: 

e With barrier steam for pumping sterilised products when reinfection must 
be avoided. 

e Water flushing for pumping sticky solutions or products which crystallise, 
for example sugar solutions. 

e Water cooling of the seal when matter may be deposited on the shaft at 
the seal and burn on because of the higher temperature at the sealing 
surfaces. An example is the booster pump in pasteurisers. 

e Water barrier to exclude air from the product when pumping at a very 
low inlet pressure, e.g. from a vacuum vessel. 

The barrier steam pressure must not exceed the atmospheric pressure at 

100°C, as the steam may then become dry. This would result in the seal 

running dry and the sealing surfaces being damaged. The steam and water 
supply is regulated at the inlet to the seal, and there must be no obstruc- 
tions in the outlet pipe. The barrier is always supplied through the lower 
connection. 


Material for shaft seals 

A commonly used combination of materials is carbon for the rotating seal 
ring and stainless steel for the stationary ring. A better combination is silicon 
carbide against carbon. For abrasive liquids, seals with very hard faces are 
recommended. Silicon carbide against silicon carbide is commonly used for 
such applications. 


Centrifugal pumps 


Pumping principle 
The liquid entering the pump is directed to the centre (eye) of the impeller 
and is set in circular motion by the impeller vanes, as in figure 6.7.6. As a 
result of the centrifugal force and the impeller motion the liquid leaves the 
impeller at a higher pressure and velocity than at the impeller eye. The ve- 
locity is partly converted into pressure in the pump casing before the liquid 
leaves the pump through the outlet connection. 

The impeller vanes form channels in the pump. The vanes are normally 
curved backward, but may be straight in small pumps. 
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Centrifugal pump applications Rotation 
The centrifugal pump is the most commonly used pump in the dairy indus- 
try and should be selected if it is suitable for the application in question. The 
reason for this is that a centrifugal pump is usually cheaper to purchase, 
operate and maintain, and is also the most adaptable pump for different 
operating conditions. 

The centrifugal pump can be used for pumping of all liquids 
of relatively low viscosity which do not require particularly 
gentle treatment. It can also be used for liquids 
containing relatively large particles, provided of 
course that the particle size does not exceed the 
dimensions of the impeller channel. 

A disadvantage of the centrifugal pump is that it 
cannot pump aerated liquids; it “loses prime” and stops 
pumping. It must then be stopped and primed -— filled with 
liquid — and started again before it can continue pumping. Conse- 
quently the centrifugal pump is not self-priming and the suction line and 
pump casing must be filled with liquid before it can operate. The installation 
should therefore be carefully planned. 


Flow control Fig. 6.7.6 Flow principle in a centrifugal 
It is seldom possible to select a standard pump that fits the required capa- RHMP: 

city exactly. Some sort of adaptation must therefore be made by: 

e throttling — highly flexible but uneconomical 

e reducing the impeller diameter — less flexible but more economical 

e speed control — flexible and economical 

The three alternatives are illustrated in figure 6.7.7. 


Throttling 

The most simple flow control is to fit a throttling valve in the pump outlet 
line. It is then possible to adjust the pump exactly to the required pressure 
and flow rate. This is the correct method if the pump is used for varying 
pressures and flow rates. The disadvantage is that throttling is uneconomi- 
cal when pressure and flow are constant. 


Throttling 


= Impeller - d 4 
K reduction ~ 


Fig. 6.7.7 Methods of flow control of centrifugal pump. 


Throttling can be carried out with orifice plates in the pipe, with manual k 
or automatic control valves or with a mechanical flow controller, which is 
often fitted in milk treatment lines. 


Reducing impeller diameter 
A lower pump curve than the maximum curve is obtained by reducing the 
original impeller diameter D to D,. See also figure 6.7.8. The new diameter 
D, can be roughly determined by drawing a straight line from O on the chart 
through the required operating point A to the standard curve B for impeller 
diameter D. Read pressure H and the required new pressure H,. The new 
impeller diameter D, is obtained from the formula: Fig. 6.7.8 Flow reduction when the 
impeller diameter is reduced from D to D, 


O Q1 Q 
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Note! In the pump flow charts, 
the head is always in metres 
liquid column and the power 
consumption for water with 
density 1.0. This means that for 
pumping liquids of higher 
density, the power in the 

curve must be multiplied by 
the density. 
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The most economical pump installation is obtained if the impeller diameter is 
reduced to diameter D,. Most pump charts have curves for different impeller 
diameters. 


Speed control 

Changing the speed will change the centrifugal force created by the impeller. 
Pressure and capacity will then also change — up for higher speed and down 
for lower. 

Speed control is the most efficient way of regulating a pump. The speed 
of the impeller is always exactly right for the performance of the pump, and 
therefore also the power consumption and the treatment of the liquid. 

A frequency converter can be used together with standard three-phase 
motors. They are available for manual or automatic control of flow and pres- 
sure. 


Pumps for 60 Hz 

Most centrifugal pumps are designed for 50 Hz, which means 3000 rom 
(revolutions per minute) for a two-pole motor. The power supplies in some 
countries operate at GO Hz, which means that the speed increases by 20% 
to 3600 rom. Pump curves for 60 Hz are available from pump manufacturers. 


Head and pressure 


Density 

The head in metres liquid column is independent of the density of the liquid 
being pumped. However, the density is of great importance to the discharge 
pressure and for the power consumption. 

If the pump and the viscosity of the liquid are the same in the different 
cases, the liquid column will be lifted to the same height (10 metres in the 
example), regardless of the density. The pump head in metres liquid column 
is the same. However, as the density — the mass of the liquid — varies, the 
pressure gauge readings will also vary, see examples in figure 6.7.9. 


A. Pumping water of B. Pumping sugar solution C. Pumping alcohol of 
relative density = 1.0 of relative density = 1.2 relative density 0.8 

10 m liquid col = 10 m liquid col = 12 m 10 m liquid col = 8m 
10 m water col = 1.0 bar water col = 1.2 bar water col = 0.8 bar 


Fig. 6.7.9 Comparison of liquid and water columns for products with different 
densities. 


The pump pressure in metres water column is consequently obtained if 
the pressure in metres liquid column is multiplied by the relative density. 

The pump must do more work with the heavier liquid than with the light- 
er. The power required changes proportionally to the density. If in example A 
the figure requires 1 kW, then example B will require 1.2 kW and example C 
only 0.8 kW. 
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Viscosity 
Liquids of higher viscosity create higher resistance to flow than liquids of 
lower viscosity. When liquids of higher viscosity are pumped, the flow rate 
and head are reduced and power demand increases because of increased 
flow resistance in the impeller and pump casing. 

Centrifugal pumps can handle liquids of relatively high viscosities, but are 
not recommended for viscosities much above 500 cP because the power 
demand rises sharply above that level. 


Ligquid-ring pumps 
Liquid-ring pumps, figures 6.7.10 and 6.7.11, are self-priming if the casings * y 
are at least half filled with liquid. They can then handle liquids with a high 1 | 
gas or air content. ~ 

The pump consists of an impeller with straight radial vanes (4) rotatingin Fig. 6.7.10 Liquid-ring pump. 
a casing, an inlet, an outlet and a drive motor. From the inlet (1) the liquid is 
led between the vanes and accelerated out towards the pump casing 
where it forms a liquid ring with essentially the same speed of rotation as 
the impeller. 

There is a channel in the wall of the casing. It is shallow at point 2 and 
becomes progressively deeper and wider as it approaches 3 and then grad- 
ually becomes shallow again to point 6. As the liquid is transported by the 
vanes, the channel is also filled, increasing the volume available for the 
liquid between the vanes. This results in a vacuum in the centre, which 
causes more liquid to be drawn into the space from the suction line. 

Once point 3 has been passed, the volume between the vanes is 
reduced as the channel becomes more shallow. This gradually 
forces the liquid towards the centre and increases the pressure 
and liquid is discharged through port 7 to pump outlet 5. 

Air in the suction line will be pumped in the same way as the 
liquid. 


Applications 

Liquid-ring pumps for the dairy industry are used where the prod- 

uct contains large quantities of air or gas, and where centrifugal 

pumps therefore cannot be used. The clearances between impeller 3 

and casing are small, and this type of pump is therefore not suitable 

for handling abrasive products. Fig. 6.7.11 Working principle of a self- 
A common application is as a CIP return pump for cleaning solution after P/™MIng liquid-ring pump. 


a tank, as the CIP solution contains normally large amounts of air. Suction line 
Shallow channel 


Deep channel 
Radial vanes 
Pump outlet 
Shallow channel 
Discharge port 
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Positive displacement pumps 


Pumping principle 

This group of pumps works on the positive displacement principle. They are 
divided into two main categories: rotary pumps and reciprocating pumps. 
Each category includes several types. 

The principle of a positive displacement pump is that for each revolution 
or each reciprocating movement, a definite net amount of liquid is pumped, 
regardless of manometric head, H. 

However, at lower viscosities there may be some “slip”, internal leakage, 
as the pressure increases. This will reduce the flow per revolution or stroke. 
The slip is reduced with increased viscosity. 

Throttling the outlet of a positive displacement pump will increase the 
pressure dramatically. It is therefore important that: 

1. no valve after the pump can be closed 
2. the pump is fitted with a pressure relief valve, built into the pump or as a 
by-pass valve. 
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Fig. 6.7.12 Positive displacement 
pump of the lobe-rotor type with geared 
motor assembled on a frame. 


Fig. 6.7.13 Lobe-rotor pump principle. 
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Flow control 

The flow of a positive displacement pump is normally controlled by 

regulating the speed. Adjusment of the stroke of a reciprocating 
pump is another possibility. 


Pipe dimensions and lengths 
Great care must be taken in dimensioning the pipework when high-vis- 
cosity products are pumped. The pumps must then be placed close to the 
feeding product tank and the pipe dimensions must be large. Otherwise the 
pressure drop will be so high that the pump will cavitate. 
The same applies to the outlet side. The pressure will be very high if the 
pipes are long and narrow. 


Lobe-rotor pumps 
The lobe-rotor pump, figure 6.7.12, has two rotors, usually with 2 - 3 lobes 
each. A vacuum is created at the inlet when the rotors rotate. This vacuum 
draws the liquid into the pump. It is then moved along the periphery of the 
pump casing to the outlet. There the volume is reduced and the liquid 
forced out through the outlet. The course of events is illustrated in figure 
6.7.18. 

The rotors are independently driven by a timing gear at the back of the 
pump. The rotors do not touch each other or the pump casing, but the 
clearances between all parts in the pump are very narrow. 


Applications 

This type of pump has 100% volumetric efficiency (no slip) when the viscos- 
ity exceeds approximately 300 cP. Because of the sanitary design and the 
gentle treatment of the product, this type of pump is widely used for pump- 
ing cream with a high fat content, cultured milk products, curd/whey mix- 
tures, etc. 


Eccentric-screw pumps 
This pump is tighter than the lobe rotor pump for lower viscosity products. It 
is not considered quite as hygienic as the lobe-rotor pump, but handles the 
pumped product gently. The range of application is the same as that of the 
lobe-rotor pump. 

The eccentric-screw pump, figure 6.7.14, cannot be run dry, even for a 
few seconds, without being damaged. 


Fig. 6.7.14 The eccentric-screw pump. 


Piston pumps t 
A piston pump consists of a 
piston which reciprocates in 
a cylinder, figure 6.7.15. Inlet — e a 
and outlet valves control the 
flow so that it flows in the 
right direction. jane 

Piston pumps in dairies a 
are mainly used as metering 
pumps. A homogeniser is Fig. 6.7.15 Piston pump 
also a type of piston pump. with adjuastable stroke. 
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Diaphragm pumps 
Air-powered diaphragm pumps, one of which is illustrated in figure 6.7.16, 
are used for gentle treatment of the product. There are pulsations in the 
outlet pressure and the capacity will change with changing product pres- 
sures, as the air pressure is constant. These pumps are therefore mainly 
used to transport products and not so often in processes. 

Mechanically powered diaphragm pumps are often used as metering 
pumps. 


Working principle 

Diaphragm pumps are double-acting positive displacement pumps with two 
alternating pump chambers. The compressed air required for driving the 
unit is admitted through a control valve to the rear of each diaphragm in 
turn. This displaces the medium from alternate pump chambers. 

The diaphragm has the additional function of separating the pumped 
product from the compressed air. Since the same pressure prevails in both 
the compressed air and pumping chambers during each stroke, the dia- 
phragms themselves are not subjected to pressure differences. This is one 
reason for the long life of the diaphragms. 

A vacuum is created by the retraction of the diaphragm, and the 
pumped product flows into the chamber. The volume in the opposite cham- 
ber is simultaneously reduced, and the product is discharged through the 
outlet check valve. 

The two diaphragms are connected with a common piston rod, and 
suction therefore always occurs in one chamber while product is dis- 
charged from the other. The compressed air serves a dual purpose during 
each phase: the actual discharge process and the intake of further medium 
to be conveyed. 


Peristaltic pumps (hose pumps) 
This type of pump, figure 6.7.17, can be used for transportation as well as 
for relatively accurate metering of products. 

The rotor rotates in the lubricant-filled pump housing and compresses 
the hose with the rollers. The suction and discharge sides are hermetically 
sealed from each other. 

During rotation the medium (liquid or gas) inside the hose is transported 
to the lower outlet connection. This creates a vacuum on the suction side, 
and the product is drawn into the pump. The pump is sel/f-priming and is 
therefore suitable for emptying barrels with juice concentrates and anhy- 
drous milk fat (AMF). 

The volume between the rollers is equal to half the volume transported 
per rotation. This amount is constantly pumped to the outlet connection 
during rotation, while the same amount is drawn in on the suction side. 
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Fig. 6.7.16 The diaphragm pump. 
1 Open ball valve during sucking 
2 Sucking diaphragm 

3 Pumping diaphragm 

4 Closed ball valve 


D * 


ho 


Fig. 6.7.17 Pumping sequence of a 
peristaltic pump. 
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Pipes, valves and 
fittings 


The pipe system 
The product flows between the components of the plant in the pipe system. 

A dairy also has conduit systems for other media such as water, steam, 
cleaning solutions, coolant and compressed air. A waste-water system to 
the drain is also necessary. All these systems are basically built up in the 
same way. The difference is in the materials used, the design of the compo- 
nents and the sizes of the pipes. 

All components in contact with the product are made of stainless steel. 
Various materials are used in the other systems, e.g. cast iron, steel, copper 
and aluminium. Plastic is used for water and air lines, and ceramic for drain- 
age and sewage pipes. 

The following section deals only with the product line and its compo- 
nents. The pipe systems for service media are described in the section 
dealing with utility installations. 

The following types of fittings are included in the product pipe system: 
Straight pipes, bends, tees, reducers and unions 

Special fittings such as sight glasses, instrument bends, etc. 

Valves for stopping and directing the flow 

Valves for pressure and flow control 

Pipe supports 


For hygienic reasons, all product-wetted parts of dairy equipment 
are made of stainless steel. Two main grades are used, AISI 304 and 
AISI 316. The latter grade is often called acidproof steel. 
Corresponding (not exactly equivalent) specifications for Swedish 
steel grades are: 


USA AISI 304 AISI 316 AISI 316L 
Sweden SIS 2333 SIS 2343 SIS 2359 


Connections 


Permanent joints are welded, figure 6.8.1. Where disconnection is required, 
the pipe connection is in the form of a threaded union with a male end and 
a retained nut with a joint ring in between, or a clamped union with a joint 
ring, figure 6.8.2. 

The union permits disconnection without disturbing other pipework. This 
type of joint is therefore used to connect process equipment, instruments, 
etc. that need to be removed for cleaning, repair or replacement. 

Different countries have different union standards. These can be SMS 
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Fig. 6.8.1 Some examples of fittings for 
permanent welding. 
1 Tees 

2 Reducers 

3 Bends 
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Nut 


Male part 

Joint ring 

Liner 
*) IDF = International Dairy Federation 
ISO = International Standardisation 


Organisation 


= 3 IDF/ISO 


Fig. 6.8.2 Dairy unions of different standards 


(Swedish Dairy Standard) also used internationally, DIN (German), BS (Brit- 
ish), IDF/ISO* and ISO clamps (widely used in the US). 

Bends, Tees and similar fittings are available for welding, and with weld- 
ed unions. In the latter case, the fitting can be ordered with nut or male 
ends or with clamp fittings. 

All unions must be tightened firmly to prevent liquid from leaking out or 
air from being sucked into the system and causing problems in downstream 
parts of the process. 


Special pipe fittings 
Sight glasses are fitted in the line where a visual check of the product is 
required. 

Bends with instrument connections are used for fitting instruments like 
thermometers and gauges. The sensor should be directed against the flow 
to make readings as accurate as possible. The connection boss can also 
be used for a sampling cock. Instrument connections can also be provided 
with welding special bosses directly on to the pipe during installation. 


Fig. 6.8.3 Sampling cock. 


Sampling devices 

Sampling devices need to be installed at strategic points in the plant to 
collect product samples for analysis. For quality control, such as determin- 
ing the fat content of milk and the pH value of cultured products, the sam- 
ples can be collected from a sampling cock, figure 6.8.3. 

For hygienic quality tests, the sampling method must preclude any risk of 
contamination from outside the pipe. A sampling plug can therefore be 
used. This plug, shown in figure 6.8.4, has a rubber bung at the bottom. 
The plug is first removed and all parts that could contaminate the sample 
are sterilised (typically a wad moistered in a chlorine solution just before 
sampling), after which the needle of a hypodermic syringe is inserted 
through the bung into the product, and a sample is withdrawn. 

Samples of aseptic products — heat treated at such a high temperature 
that they are sterile — are always collected through an aseptic sampling 
valve to avoid reinfection. 


Valves 


Mixproof valve systems 


There are many junctions in a piping system where product normally flows 
from one line to the other, but which must sometimes be closed off so that 
two different media can flow through the two lines without being mixed. 
When the lines are isolated from each other, any leakage must go to drain 
without any possibility of one medium being mixed with the other. 

This is a common problem faced when engineering dairy plants. Dairy 
products and cleaning solutions flow in separate lines, and have to be kept 
separate. Figure 6.8.5 shows four different solutions to the same task. 


Fig. 6.8.4 Sampling plug for bacterio- 
logical analysis. 
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Fig. 6.8.5 Sanitary mixproof valve systems. 

1 Swing bend for manual change between different lines. 

2 Three shut-off valves can perform the same function. 

3 One shut-off valve and one change-over valve can do the same job. 
4 One mixproof valve is enough for securing and switching the flow. 


Shut-off and change-over valves 


There are many places in a piping system where it must be possible to stop 
the flow or divert it to another line. These functions are performed by valves. 

Seat valves, manually or pneumatically controlled, or butterfly valves, are 
used for this purpose. 


Seat valves 


The valve body has a seat for the closing plug at the end of the stem. The 
plug is lifted from and lowered on to the seat by the stem, which is moved 
by acrank or a pneumatic actuator, figure 6.8.6. 

The seat valve is also available in a change-over version. This valve has 
three to five ports. When the plug is lowered the liquid flows from inlet 2 to 
outlet 1, and when the plug is lifted to the upper seat, the flow is directed 
through outlet 3, according to the drawings to the right in figure 6.8.7. 

This type of valve can have up to five ports. The number is determined 
by the process requirements. 

Various remote controlled actuator alternatives are available. For exam- 
ple, the valve can be opened by compressed air and closed with a spring, 
or vice versa. It can also be both opened and closed by compressed air, 
figure 6.8.8. 


m 


' 4 


Fig. 6.8.7 Shut-off and change-over valves with the plug in different positions and 
the corresponding flow chart symbols. 
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Fig. 6.8.6 Manual shut-off seat valve 
and pneumatically operated change- 
over seat valve. The operating mecha- 
nism is interchangable between shut-off 
and change-over seat valves. 
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Fig. 6.8.8 Examples of pneumatically 

operated actuators. 

1. Valve opened by spring. Closed 
with compressed air. 

2. Valve closed by spring. Opened with 
compressed air. 


Fig. 6.8.9 The valve plug position 
indication is fitted on top of the actuator. 


Fig. 6.8.11 Principle of the air driven 
actuator for butterfly valves. 
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Actuators for an intermediate plug position and for two-stage opening and 
closing are also available. 

The valve control unit, figure 6.8.9, is often fitted as a unit on the top of 
the valve actuator. This top unit usually contains indication sensors for the 
valve position for feedback to the main control system. 

A solenoid valve is fitted in the air conduit to the valve actuator or in the 
top unit. An electric signal triggers the solenoid valve and allows com- 
pressed air to enter the actuator. The valve then opens or closes as re- 
quired. On the way, the compressed air passes through a filter to free it 
from oil and other foreign matter that might affect proper operation of the 
valve. The air supply is cut off when the solenoid is de-energized and the air 
in the product valve is then evacuated through an exhaust port in the sole- 
noid valve. 


Butterfly valves 


The butterfly valve, figure 6.8.10, is a shut-off valve. Two valves must be 
used to obtain a change-over function. 

Butterfly valves are often used for sensitive products, such as yoghurt 
and other cultured milk products, as the restriction through the valve is very 
small, resulting in very low pressure drop and no turbulence. It is also good 
for high viscosities and, being a straight-through valve, it can be fitted in 
straight pipes. 

The valve usually consists of two identical halves with a seal ring 
clamped between them. A streamlined disc is fitted in the centre of the 
valve. It is usually supported by bushes to prevent the stem from seizing 
against the valve bodies. 

With the disc in the open position, the valve offers very low flow resist- 
ance. In the closed position the disc seals against the seal ring. 


Manual control 
The butterfly valve is fitted with a handle, usually for two positions — open 
and closed. 

This type of valve is not really suitable as a control valve, but can be used 
for coarse control with a special handle for infinite positions. 


Automatic control 

An air actuator, figure 6.8.11, is used for automatic control of the butterfly 
valve. The function can be: 

e Spring closing/air opening (Normally closed, NC) 

e Air closing/spring opening (Normally open, NO) 

e Air opening and closing (A/A) 

The disc is easy to turn until it touches the seal ring. Then it needs more 
power to compress the rubber. A normal, spring powered actuator is 
strongest in the beginning, when less power is required, and weaker at the 
end, when more power is required. It is therefore an advantage to use actu- 


Fig. 6.8.10 Manually controlled butterfly valve in open position (left) and in closed 
position (right). 
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ators which are designed so that they provide the correct power at the right 
time. 

Another type of the butterfly valve is the “sandwich” valve shown in figure 
6.8.12. It is the same type of butterfly valve as described above, but it is 
fitted between two flanges welded to the line. Its function is the same as an 
ordinary butterfly valve. During operation it is clamped between the flanges 
with screws. For servicing the screws are loosened. The valve part can then 
be pulled out for easy servicing. 


Mixproof valves 


Mixproof valves, figure 6.8.14, can be either double or single seated, but 
when discussing mixproof valves, it is generally the double-seat type, figure 
6.8.13, that is meant. 

A double-seated valve has two independent seals separating the two 
liquids and a drainage chamber between. This chamber must be open to 
atmosphere to ensure full mixproof safety in case either of the two seals 
should leak. When a double-seated mixproof valve is activated, the cham- 
ber between the upper and lower body is closed and then the valve opens 
to connect the upper and lower pipelines. When the valve is closed, first the 
upper plug seals and then the leakage chamber is opened to atmosphere. 
This gives very small product losses during operation. 

An important thing is that the lower plug should be hydraulically ba- 
lanced to prevent pressure shocks from opening the valve and allowing 
products to mix. 

During cleaning one of the plugs lifts, or an external CIP line is connected 
to the leakage chamber. Some valves can be connected to an external 
cleaning source for cleaning those parts of the plugs which have been in 
contact with the product. 

The single-seat mixproof valve has one seat and two seals, but on the 
same plug. The area between the two seals is open to atmosphere. This 
leakage drain chamber is closed by small shut-off valves before the single- 
seat mixproof valve is activated. An external CIP line is connected to the 
drainage line via the small valves for cleaning. 


Fig. 6.8.14 Three types of mixproof valves. 
1 Double-seat valve with seat-lift cleaning 
2  Double-seat valve with external cleaning 
3 Single-seat valve with external cleaning 
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Fig. 6.8.12 Pneumatically operated 
butterfly “sandwich” valve design for 


simplified maintenance. 
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Fig. 6.8.13 Double-seat mixproof valve 
with balanced plug and built-in seat lift 
Actuator 

Upper port 

Upper plug 

Leakage chamber with drainage via 
Hollow spindle to atmosphere 
Lower port 

Lower plug with balancer 


NOTA ONS 
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Fig. 6.8.15 Valve position indication 
systems. 

1 Indication only 

2 Indication with top unit 

3 Indication and control system 


Flow direction 
= 


Fig. 6.8.16 Check valve 
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Position indication and control 


Position indication only 

A valve can be fitted with various types of position indication, see figure 
6.8.15, depending on the control system of the plant. Different types of 
switches are microswitches, inductive proximity switches or Hall elements. 
The switches are used for feedback signals to the control system. 

When only switches are fitted to the valves, it is necessary to have one 
solenoid valve for each valve in a solenoid-valve cabinet on the wall. A sole- 
noid valve supplies compressed air to the product valve when it receives a 
signal and releases the air pressure when the signal disappears. 

This system (1) requires one electric cable and one air hose for each 
valve. 

The combined unit (2) is usually fitted on top of the valve actuator. It 
contains the same types of position indicators as above, but the solenoid 
valve is also built into the top. This means that one air hose can supply 
many valves, but one electric cable per valve is still required. 


The ultimate control 
This is effected by a position indicating unit, shown in figure 6.8.9, which is 
specially designed for computer control. It contains position indicator, sole- 
noid valve and an electronic unit. With this unit it is possible to control up to 
120 valves with only one cable and one air hose, figure 6.8.15, ref. 3. A unit 
like this can be programmed centrally, and the installation costs are low. 
Some systems can also, without external signals, flip valves for seat 
cleaning. They can also count the number of valve strokes. This can be 
used for maintenace planning. 


Check valves 


A check valve, figure 6.8.16, is fitted when it is necessary to prevent the 
product from flowing in the wrong direction. The valve is kept open by the 
liquid flow in the correct direction. If the flow stops, the valve plug is forced 
against its seat by the spring. The valve then closes against reversal of the 
flow. 


Control valves 


Shut-off and change-over valves have distinct positions, open or closed. In 
the regulating valve the passage can be changed gradually. The control 
valve is used for accurate control of flows and pressures at various points in 
the system. 

A pressure relief valve, figure 6.8.17, maintains the pressure in the 
system. If the pressure is low, the spring holds the plug against the seat. 
When the pressure has reached a certain value, 
the force on the plug overcomes the spring force 
and the valve opens. The opening pressure can 
be set to the required level by adjusting the 
spring tension. 


q= 
Flow direction 


Fig. 6.8.18 Manual control 
Fig. 6.8.17 Pressure relief valve. valve with variable-flow plug. 
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Manual control valve with variable-flow plug, figure 6.8.18.This valve 
has a stem with a specially shaped plug. When the regulating handle is 
turned, the plug moves up or down, varying the passage and thereby the 
flow rate or the pressure. A scale on the valve indicates the setting. 

The pneumatic control valve with variable-flow plug, figure 6.8.19, 
works similarly to the previously described valve. The plug-and-seat ar- 
rangement is similar to that of the manual valve. The flow is gradually 
throttled when the plug is lowered towards the seat. 

This type of valve is used for automatic control of pressures, flows and 
levels in processes. A transmitter is fitted in the process line and continu- 
ously transmits the measured value to a controller. This controller then ad- 
justs the setting of the valve so that the preset value is maintained. 

A valve often used is the constant-pressure valve, figure 6.8.20. Com- 
pressed air is supplied through a reducing valve to the space above a dia- 
phragm. The air pressure is adjusted by the reducing valve until the product 
pressure gauge shows the required pressure. The preset pressure is then 
maintained regardless of changes in the operating conditions. Figure 
6.8.21describes the function of the constant-pressure valve. 

The valve reacts rapidly to changes in the product pressure. A reduced 
product pressure results in a greater force on the diaphragm from the air 
pressure, which remains constant. The valve plug then moves downwards 
with the diaphragm, the flow is reduced and the product pressure increased 
to the preset value. 

An increased product pressure results in a force on the diaphragm that is 
greater than the downward force from the compressed air. The valve plug 
then moves upwards, increasing 
the passage for the product. The 
flow will then increase until the 
product pressure has dropped to 
the preset value. This valve is 
available in two versions for con- 
stant pressure before or after the 
valve. 

The valve cannot control the 
product pressure if the available air 
pressure is lower than the required 
product pressure. In such cases a 
booster can be fitted to the top of 
the valve. In this way the valve can 
be used for product pressures up 
to about twice the available air 
pressure. 

Valves for constant inlet pres- 
sure are often used after separa- 
tors and pasteurisers. Those for 
constant outlet pressure are used 
before filling machines. 


Fig. 6.8.21 Function of the constant- 
pressure valve when regulating the pres- 
sure before the valve. 

1. Equilibrium air/product. 

2. Product pressure drops, the valve 
closes and the product pressure increases 
to the preset value. 

3. Product pressure increases, the valve 
opens, and the product pressure drops to 
the preset value. 
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Fig. 6.8.19 Pneumatic control valve 
with variable-flow plug. 


Fig. 6.8.20 Constant-pressure valve. 


Fig. 6.8.22 Constant-pressure modu- 
lating valve with a booster for control of 
products with a higher pressure than the 
available air pressure. 
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There must always be a free 
drain opening between prod- 
uct and CIP flows between 
different products. 


Fig. 6.8.24 Examples of standard pipe 
supports. 
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Valve systems 

Valves are arranged in clusters to minimise dead ends and make it possible 
to distribute the product between different parts or blocks within the dairy. 
Valves are also used to isolate individual lines so that one line can be safely 
cleaned while the product is flowing in others. 
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Fig. 6.8.23 Valve arrangement in a tank garden for independent routing of prod- 
ucts and cleaning solutions to and from the tanks. 


Pipe supports 


Pipes usually run about 2 — 3 metres above the dairy floor. All components 
must be easily accessible for inspection and maintenance. The lines should 
slope slightly (1:200 — 1:1000) to be self-draining. There should be no pock- 
ets at any point along the line where the product or cleaning fluid can col- 
lect. 

Pipes must be firmly supported. On the other hand the pipes should not 
be so restrained that movement is prevented. The pipes will expand consid- 
erably, when the product temperatures are high and during cleaning. The 
resulting increase in length and torsional forces in bends and equipment 
must be absorbed. This, plus the fact that the various components make 
the pipe system very heavy, place great demands on accuracy and on the 
experience of the system designer. 
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Tanks 


Tanks in a dairy are used for a number of purposes. The sizes range from 
150 000 litres for the silo tanks in the reception department down to ap- 
proximately 100 litres for the smallest tanks. 

Tanks can generally be divided into two main categories according to 
function: 
e storage tanks 
e process tanks 


Storage tanks 
Silo tanks 


Silo tanks for milk reception belong to the storage category and have been 
described under”Collection and reception of milk”. They vary in size from 
25 000 to about 150 000 litres and the wetted surfaces are of stainless 
steel. They are often placed outdoors to save on building costs. 

In these cases the tanks are insulated. They have a double shell with a 


Fig. 6.9.1 Layout of outdoor silo tanks with their manholes in alcoves in the walls of 
a covered control station. 


minimum of 70 mm mineral-wool insulation in between. The outer shell can 
be of stainless steel, but for economic reasons it is usually made of mild 
steel and coated with anti-corrosion paint. 

To make complete drainage easy, the bottom of the tank slopes down- 
wards with an inclination of about 6% towards the outlet. This is a statutory 
requirement in some countries. 

Silo tanks are fitted with various types of agitators and monitoring and 
control equipment. 

The number and size of the silo tanks are determined by such factors as 
the milk intake per day, the number of days per working week, the number 
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Fig. 6.9.2 Silo tank alcove with man- 


hole and motor for propeller agitator. 
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Fig. 6.9.3 A typical storage tank has a 
capacity of 1 000 litres up to about 
50 000 litres. 


=æ 


Fig. 6.9.4 Mixing tank with welded-on 
heating/cooling channels. 


Fig. 6.9.5 An insulated process tank 
with scraper agitator for viscous prod- 
ucts. 
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of hours per working day (1, 2 or 3 shifts), the number of different products 
to be manufactured and the quantities involved. 


Intermediate storage tanks 


These tanks are used to store a product for a short time before it continues 
along the line. They are used for buffer storage, to level out variations in 
flow. After heat treatment and cooling, the milk is pumped to a buffer tank, 
and from there to filling. If filling is interrupted, the processed milk is buffered 
in the tank until operation can be resumed. Similarly, milk from this tank can 
be used during a temporary processing stoppage. 

In storage tanks, figure 6.9.3, with a capacity of 1 000 to 50 000 litres 
the inner shell is of stainless steel. The tank is insulated to maintain a con- 
stant product temperature. In this case the outer shell is also of stainless 
steel and there is a layer of mineral wool between the shells. 

The storage tank has an agitator and can be fitted with various compo- 
nents and systems for cleaning and for control of level and temperature. 
This equipment is basically the same as previously described for silo tanks. 

A good general assumption is that the process requires a buffer capacity 
corresponding to a maximum of 1.5 hours’ normal operation, i.e. 1.5 x 
20 000 = 30 000 litres. 


Mixing tanks 
As the name implies, these tanks, figure 6.9.4, are used for mixing different 
products and for the admixture of ingredients to the product. The tanks may 
be of the insulated type or have a single stainless steel shell. Equipment for 
temperature control may also be fitted. Insulated tanks, with mineral wool 
between the inner and outer shells, have a jacket outside the inner shell 
through which a heating/cooling medium is pumped. The jacket consists of 
welded-on channels. 

Agitators for mixing tanks are designed to suit the specific application. 


Process tanks 


In these tanks, figure 6.9.5, the product is treated for the purpose of chang- 
ing its properties. They are widely used in dairies, e.g. ripening tanks for 
butter cream and for cultured products such as yoghurt, crystallisation 
tanks for whipping cream, and tanks for preparing starter cultures. 

There are many different types of process tanks. The application deter- 
mines the design. Common features are some form of agitator and 
temperature control. They have stainless steel shells, with or without insula- 
tion. Monitoring and control equipment may also be fitted. 


Balance tank 


There are a number of problems associated with the transport of the prod- 

uct through the line: 

e The product handled must be free from air or other gases if a centrifugal 
pump is to function properly. 

e To avoid cavitation, the pressure at all points in the pump inlet must be 
higher than the vapour pressure of the liquid. 

e A valve must be actuated to redirect the untreated liquid, should the 
temperature of a heat-treated product drop below the required value. 

e The pressure on the suction side of the pump must be kept constant to 
ensure a uniform flow in the line. 

These problems, as well as some others dealt with here, are often resolved 

by fitting a balance tank in the line on the suction side of the pump. The 

balance tank keeps the product at a constant level above the pump inlet. In 

other words, the head on the suction side is kept constant. 
The tank in figure 6.8.6 contains a float connected by a lever to an ec- 

centrically pivoted roller that operates the inlet valve on the tank. As the float 
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moves downwards or upwards with the liquid level, the valve is opened and 
closed respectively. 

If the pump draws more from the tank than flows in at the inlet, the level 
drops and the float with it. The valve opens and lets in more liquid. In this 
way, the liquid in the tank is kept at a constant level. 

The inlet is located at the bottom of the tank so that the liquid enters 
below the surface. Consequently there is no splashing and, above all, no 
aeration. Any air already present in the product on entry will rise in the tank. 
Some deaeration takes place. This has a favourable effect on the operation 
of the pump, and the product is treated more gently. 

The balance tank is often included in a recirculating system where liquid 
is returned for recycling, e.g. as a result of insufficient heat treatment. In this 
case a temperature indicator actuates a flow diversion valve which directs 
the product back to the balance tank. This causes a quick increase in the 
liquid level and an equally quick movement of the float mechanism to close Fig. 6.9.6 Balance tank for constant 
the inlet valve. The product then circulates until the fault has been repaired inlet pressure to the pump. 
or the plant is shut down for adjustment. A similar procedure is employed 
for circulating cleaning solution when the line is cleaned. 


Fig. 6.9.7 Balance tanks are available in different sizes. 
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Process control 


Automation 


The nature of dairy operations has changed rapidly over the past few dec- 
ades. The small, local dairy with many manual operations has become 
obsolete and has been replaced by larger units with factory-style produc- 
tion. 

The consequences of this trend have been many and far-reaching. Pro- 
cesses in the small dairy were supervised and controlled by a few skilled 
people who carried out most operations manually and also cleaned the 
equipment at the end of the run, by hand. As dairies expanded, both the 
number and size of the machines grew, as did the number of manual oper- 
ations required. Cleaning, in particular, was a laborious business—every 
machine that had been in contact with the product had to be disassembled 
and cleaned by hand at least once a day. 

Cleaning-In-Place (CIP) was introduced in the mid-fifties and is today 
used in almost all dairies. This means that machines no longer need to be 
disassembled for cleaning; they are designed so that they can be cleaned 
with detergent solutions which are circulated through the product lines 
according to a fixed cleaning program. 

Far-reaching mechanisation of dairy operations gradually took place, with 
the result that more and more of the heavy, manual labour was taken over 
by machines. Mechanisation, together with the rapid expansion of produc- 
tion capacity, also led to a substantial increase in the number of operations 
that had to be executed. More valves had to be operated, more motors had 
to be started and stopped. The timing of individual operations also became 
critical; operating a valve too soon or too late, for example, could lead to 
product losses. Every malfunction in the process, and every wrong decision 
made by an operator, could have serious quality and economic conse- 
quences. 

As time went by, more remote control facilities were introduced. Manually 
operated valves were replaced by electric and pneumatic valves. Switches 
for activation and shutoff of valves, pumps, agitators and other motors were 
mounted in control panels. Transmitters were installed to transmit process 
status readings (pressures, levels, temperatures, pH, flow rates, etc.). To 
notify the operator that valves and motors had responded correctly (open/ 
shut and start/stop), components were equipped with devices to transmit 
feedback signals. It gradually became possible to automate the process. 


What is automation? 

Strictly speaking, the concepts of mechanisation and remote control re- 

ferred to in the introduction have nothing to do with automation as such, 

but were necessary steps on the way to automation. Automation means 

that all actions needed to control a process with optimal efficiency are han- 

dled by a control system on the basis of instructions that have been pro- 

grammed into it. 

e An operator interface is used by the process operator to communicate 
with the control system and the process. 
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Which tank shall | 
choose? 


= T2? No, it’s 
(D) being cleaned. 
(C) 


How much milk is 
left in T1? 
| must switch tanks 


Fig. 6.10.1 How an operator uses logic 
to solve a control problem. 
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e Modern automation systems usually also include Management Data 
Information used for reports, statistics, analyses, etc. 

In an automated process the control system must communicate with 
every controlled component and every transmitter. Examples of the types of 
signals between the control system and the process which it controls are: 

e output (Command) signals which actuate components in the process; 

e input (feedback) signals from valves and motors which inform the control 
system that the component in question has been actuated; 

e input (analog) signals from temperature, pressure and other transmitters 
which provide information on the momentary status of process variables; 

e input signals from “monitors” in the system, i.e. 
transmitters which report when a given condition has 
been attained. Examples of such conditions are 

maximum level in a tank, preset minimum 


cia esis < O temperature, etc. 
O 6 O T1? it’s empty now: Signals are processed by the logic unit of the 
o Wait 10 seconds for ) control system. Before we continue, we must 


study the meaning of the term logic. 


cluster to drain 

Logic is a fundamental concept in automation. It 

denotes the decision-making mechanism which 

makes it possible to perform a given task according to a 

given pattern. The human mind is programmed by education and 
experience to perform a task in a certain way. Figure 6.10.1 shows how 
an operator uses logic to solve a control problem which consists in supply- 
ing a process line with milk from a battery of tanks. He receives information 
from the process, e.g. that tank T1 will soon be empty, that tank T2 is cur- 
rently being cleaned, that tank TS is full of product, etc. The operator pro- 
cesses this information logically; the figure illustrates his train of thought— 
the questions he puts and the decisions he makes. Finally he implements 
his decisions by pushing buttons on his panel to actuate the appropriate 
valves, pumps and other components. 

The operator has no great difficulty in solving this control problem. Yet 
there are opportunities for error. Detergent and milk can be mixed by mis- 
take. 

The process line may run out of milk, resulting in burning-on on the heat 
transfer surfaces. Milk in the tanks may be 
wasted when the tank is cleaned. The risk of 

such errors increases if the operator is responsible 
for several similar sections of the process at the same 
time. He may be rushed and under stress, which increases 
the risk for him making a mistake. 
At a first glance it is easy to get the impression that the operator is 
constantly faced with choices between a large number of alternative solu- 
tions to control problems. A closer study reveals that this is not the case. 
During many hours of operation the dairy has confirmed which control se- 
quences will result in optimum product quality, safety and economy. In other 
words the operator has acquired a more or less permanent control logic; he 
selects tanks according to established routines, he uses a stopwatch to 
time the drainage of milk from a tank so that he knows exactly when to 
switch to a full tank in order to minimise product losses, and so on. Each 
process can be analyzed in this way; it is then possible, on the basis of the 
analysis, to determine the control logic which produces optimum results. 


Why do we need automatic process control? 
Several factors must be taken into consideration when designing a dairy. 
The final solution is therefore always a compromise between product-relat- 
ed, process-related and economic factors, where the external demands on 
the plant must be satisfied. The external requirements concern factors such 
as labour, type and amount of product, product quality, hygiene, legislation, 
production availability, flexibility, and economy. 
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The product-related factors include raw materials, product treatment and 
quality of the end product, while the process-related factors include selec- 
tion of process equipment to satisfy the external demands. Even if the prod- 
uct processing lines in the plant are selected primarily to achieve the stated 
product quality, various compromises must be made, particularly if many 
different products are to be manufactured. For example, such considera- 
tions apply to the cleaning requirements of the equipment and its suitability 
for connection to the proposed cleaning system. Other compromises must 
also be made, for instance where the consumption of energy and service 
media and the suitability of the equipment to be controlled are concerned. It 
is important to state here that, when selecting the process equipment, the 
solution for the process automation also has to be considered. 

Correctly applied automation, where a thorough knowledge of products, 
processes and process equipment guides the design, has many advan- 
tages. The most important are: 


e safety 

e product quality 

e reliability 

e production economy 
e flexible production 

e production control 


Safety is guaranteed by the fact that the control system always operates 
and monitors the process in exactly the same way during each production 
run. Unwanted mixing of different products, as well as overfilling of tanks 
and other errors resulting in product losses and production disturbances, 
are avoided. 

The fact that all stages in the process are always operated in exactly the 
same way means that the end product will always have the same high qual- 
ity when the variables in the process are trimmed for optimum result. 

Precise control of the process means that product losses and consump- 
tion of service media, cleaning solutions and energy are kept to an absolute 
minimum. The production economy of a well designed and adapted control 
system is therefore very good. 

Flexible production can be achieved by programming the automation 
system with different production alternatives and production recipes. Pro- 
duction can be changed simply by altering a recipe instead of re-program- 
ming. 

The automation system can also provide relevant data and information 
for production in the form of reports, statistics, analyses, etc. These data 
are tools for more precise management decisions. 


What are the control tasks? 
The control tasks of an automation system can be divided into the following 
four categories: 


1 Digital control 

2 Analog control 

3 Monitoring 

4 Management Information 


Digital control 

Digital control is based on the fact that the controlled objects can be in one 
of two states, on or off, figure 6.10.2. A motor may be running or switched 
off and a valve may be open or closed or in one of two positions. On this 
basis, completely different levels of automation can be envisaged: 

A. Remote control, meaning that single objects are controlled from a control 
panel, is simply an extended arm of manual control. This level should not be 
considered as automation. 

B. Group control, meaning that a group of objects is controlled at the same 
time, e.g. the valve cluster under a tank. 
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The most important advantages 


of automation are: 
Safety 

Product quality 
Reliability 

Production economy 
Flexible production 
Production control 


The four tasks of an automation 


systems are: 

1 Digital control 

2 Analog control 

3 Monitoring 

4 Management Information 
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Fig. 6.10.2 Digital control can be ex- 
emplified by on/off switches. 


Fig. 6.10.3 Analog control can be 
exemplified by the control of the pasteur- 
isation temperature. 
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Fig. 6.10.4 Management Information 
makes it possible to improve productivi- 
ty. 
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C. Control of functions, e.g. opening or closing of product lines in the proc- 
ess or control of agitation. 
D. Sequence control, meaning that functions are carried out one by one, in 
a certain order. Examples of sequences are: 

e cleaning with different cleaning solutions in a predetermined 

sequence and at predetermined times; 

e preselection of product routes and filling levels 

e starting up a pasteuriser 

Level D, sequence control, is generally used nowadays to take full ad- 
vantage of the capability of modern control systems. 


Analog control 

Analog control, as in figure 6.10.3, means that an object is controlled by 
analog signals from the control unit. Normally this type of control is based 
on another (continuously varying) feedback signal to the control unit. This 
type of control is used for example to control the steam or hot-water supply 
in a pasteuriser. The feedback signal to the control unit comes from the 
transmitter for pasteurisation temperature. 

Analog control is very important to the functioning of dairy processes. 
Analog control is often simple in the dairy industry, and the number of ana- 
log control circuits is usually fairly small. The most important applications 
are: 
pasteurisers, 
weighing systems, often including handling of recipes and blending, 
control of pumping capacities, 
standardisation of dry matter or fat. 

The control system often includes both analog and digital control. The 
two types of control are complementary. An analog system is used to con- 
trol heating in a pasteuriser, whilst a temperature sensor monitors the tem- 
perature. The sensor reacts immediately if the temperature drops below the 
preset value. A signal is then transmitted to the control unit and the pasteur- 
iser is switched to diversion flow. 


Monitoring 
Monitoring means that various process objects and process states are 
supervised and that the system triggers an alarm if a fault occurs. 

Monitoring is based on feedback signals from the objects. These signals 

can be designed in several ways: 

e Simple monitoring of certain critical objects. 

e Simple registration of fault conditions. 

e interlocks that prevent functions from starting or continuing if fault 
signals are received. Start of cleaning procedures, for example, may 
be blocked if the low-level signal from the tank to be cleaned has not 
been received. 

e Automatic restart of functions when the fault has been corrected. 

A very important part of monitoring is self-diagnosis, i.e. the continuous 

checking that the control system carries out on itself. 


Management Information 

Computers make it possible to improve productivity, not only on the shop 
floor but also at management level. They can collect and analyze data, and 
present them in a form on which rational management decisions can be 
based, figure 6.10.4. Modern systems have this capability. A few examples 
of management routines are: 

e Data logging - retrieval of data from the process. 

e Product tracking, where the automation system keeps a log-book for 
all the process units and products in the plant. This enables data for 
all finished products to be traced: 

e raw material identity, 
e how the product has been processed. 

e Production logging, where all production data are logged and 
processed. These data provide input for reports on production of 
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both end products and intermediates. The reports can be generated 
at desired intervals, e.g. per shift, day or month. 

e Cost analysis, which makes it possible to evaluate the economy of 
the plant. Production throughput, utility consumption and utilisation 
of machines and lines are factors that have to be considered. 

e Production planning is a tool for more efficient and optimal utilisation 
of plant machinery. Order intake information is processed and 
computed with data from the processing units. The result is a daily 
production plan for the dairy, i.e. a detailed plan for the day’s produc- 
tion including the filling machines (products, type of packages, sizes, 
etc). 

e Maintenance planning can be made much more efficient if the 
management has access to records showing how many hours each 
machine has run and how many times each valve has been operated 
since it was last serviced. 

e Quality assurance. A bad run can easily be traced to its source with 
the help of information from the computer. 


What decides the level of automation? 

The level of automation is decided in connection with the selection of the 
process equipment for the plant. It is therefore essential to make a thorough 
investigation of how the selected process equipment affects the possibilities 
for automation. This requires knowledge of all the systems in the dairy. 

The special demands on the automation system must be added to these 
design solutions. These demands include operator interaction, i.e. the rou- 
tines for correcting faults. Another important factor for the level of automa- 
tion is the amount of reporting and management information required. 


Role of the operator 

Automation is not used to make the operator superfluous, but to extend his 
reach and power. The more sophisticated the system, the fewer details he 
need concern himself with. The program should handle all the routine func- 
tions of the process, the tactics, while the human operator is responsible for 
the command decisions, the strategy. Examples of actions that the operator 
is responsible for are preselection of tanks for production, start of CIP for 
different objects, changes of times, temperatures and other production 
parameters in the program, and decisions concerning measures to be tak- 
en if faults should occur. There are a number of facilities to assist the opera- 
tor: 

e colour-graphic VDU (Video Display Unit, also called TV screen), 

e printers, 

e local operator panels. 


Colour graphic VDU 

Colour graphic VDUs, as in figure 6.10.6, are the most commonly used 
operator equipment today. Special attention must be paid to the ergonomy 
of the colours and graphics. The design of the pictures, the use of colours, 
the use of symbols, the way of interacting, the hierarchy of views, etc. are 
all factors that are important. A good design will assist the operator in his 
work by giving him the right information, in right time, in the right way, figure 
6.10.7. This is a key factor in enhancing safety of operation. 


Printer terminal 

The printer terminal has two main functions. The first is to supply printed 
information from the process controller, such as fault reports to the operator 
or statistics for the management. The second is to supply ‘hard’ printed 
copies of displays shown on the VDU. This enables graphic information 
such as pasteurisation temperature curves or utility consumption trends to 
be permanently documented. 


Local operator units 
Local operator units are installed in those places in the process area where 


Dairy Processing Handbook/chapter 6.10 


Fig. 6.10.5 Process data can be visual- 
ised in the Management Information 
System. 


Fig. 6.10.6 Process data are presented 
on a VDU. 
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Fig. 6.10.7 Examples of operator infor- 
mation and interaction views on a VDU. 
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Fig. 6.10.8 A local operator unit for a 
pasteuriser. 
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it is convenient to have local control, or where there is a need to input infor- 
mation locally. Examples include the reception area, the CIP station, pas- 
teurisers, figure 6.10.8 and filling machines. The local operator panels can 
be of various types — small boxes with push-buttons and indicator lights or 
microprocessor-based ones with a small display and keyboard. 


How does the control system work? 

Control is exercised by the logic, which supplies output signals in a certain 
order to actuate and shut off the various components involved in the con- 
trolled process, in such a way that the logical conditions applying to the 
process are satisfied. The components send back acknowledgement sig- 
nals confirming that the commands have been carried out. These feedback 
signals to the logic are used as conditions, permitting the next step in the 
sequence to be actuated. The layout, in principle, of the control system is 
shown in figure 6.10.9. 

An alarm signal may be actuated if no feedback signal is received. In that 
case the process either stops or another part of the logic is brought in to 
deal with the situation that has arisen. This naturally assumes that the fault 
in question can be predicted. The more complicated the process and the 
stricter the demands on operational security and economy, the more exten- 
sive the logic systems must be. 

All the transmitters and all controlled objects in the process are connect- 
ed to the logic. In this way all the necessary information regarding tempera- 
tures, flows, pressures, etc., is fed into the control system. After processing 
these signals, the logic transmits output signals to the various control ob- 
jects in the process. 

Special input/output units (3) convert the signals from and to the process 
(4) into the correct form for processing by the computer logic. 

All the necessary operator equipment is connected to the logic: VDU (1), 
printer terminals (2) and local operator panels. 
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Fig. 6.10.9 Principle of a process control system. 


The programmable control system 

Automation is a fast-moving field. Not so many years ago, process control 
systems for plant automation consisted of electromechanical relays, wired 
together in a logical pattern. They were replaced by electronic components 
which were faster and more reliable, as they did not contain any moving 
parts. 
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The next step was programmable control systems with the logic ex- 
pressed in data bits, stored in a computer memory and not in the physical 
arrangement of the wiring. This made it easier to change the program 
whenever necessary, as well as reducing the cost of the hardware. 

In the new control systems the designers have utilised the growing capa- 
bility and reduced cost of computers and microprocessors to distribute 
control functions to local units. This gives the system as a whole great flexi- 
bility and a very high potential. The new processors can be used to control 
a single machine, or to build up a total control and management system to 
make a whole plant more productive. 

Automation systems usually comprise both PLCs (Programmable Logic 
Controllers) and computers (e.g. PC Personal Computers). The PLC was 
originally a small copy of the larger computer, but the boundary between 
PLCs and computers has become blurred as PLCs have grown larger. 


Demands on a control system 

Flexibility, reliability and economy are the most important demands on a 
modern process control system. This means that: 

e The operator VDU should be comfortable and efficient . 

The system must be simple to expand. 

The programming language must be efficient. 

The system should include efficient electronic solutions. 

The system should offer software for diagnostic tests, modification on 
line and simulation. 


Extending a control system 

There are many automation systems on the market that are highly versatile 
and could probably be adapted to any production setup. One of the most 
important demands on such a system is the possibility to extend the sys- 
tem when required. It should be possible to build a system of any size, step 
by step, by adding standard components. A small controller installed to 
operate a reception line can later be expanded to control milk treatment, 
filling, etc, by adding new control equipment from the same system. At the 
same time management routines can be inserted into the existing proces- 
sors or into a special management computer. 

In the expanding process it is very important that all system components 
between the operator and the process, from the remote sensor to the oper- 
ator console, are part of the same system. An example of the extension of a 
control system will be given later. 


Simple programming language 
The programming language, with help function graphics as in figure 
6.10.10, should be designed to make it easy for non-computer experts to 
understand and write the process program, the formalised function descrip- 
tion of the process. 

The language should be high-level, which means that it should bear a 


close resemblance to human language. It is then easy for a non-specialist to 


understand. The design of the language should allow the application pro- 
gram to be divided into modules, each defining a specific task such as filling 
a tank, cleaning a pipeline or printing production data. This makes the lan- 
guage easy to understand and simplifies maintenance and testing of the 
application program. With a high-level language of this type, the operator 
soon learns to communicate with the system. Beginning with the basic 
essentials he gradually expands his “vocabulary” until interfacing with the 
system is almost as easy as discussing a job with a colleague. He has then 
a very powerful instrument with which to control his process. 


Efficient electronic solutions 

Efficient process control requires first-class electronic solutions in the pro- 
cess. The functioning of the entire automatic process control will be endan- 
gered if the transmitters and sensors do not work properly. 
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To guarantee maximum flexibility, 
reliability and economy the mod- 
ern process control system must 
satisfy the following demands: 


e The operator VDU should be 
user-friendly and efficient. 

e The system must be simple to 
expand. 

e The programming language 
must be efficient. 

e The system should include 
efficient electronic solutions. 

e The system should include 
software for diagnostic tests, 
modification and simulation 
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Fig. 6.10.10 Extensive help functions, 
function block descriptions (1) and 
sequential function charts (2) are power- 
ful and easy-to-use language for pro- 
gramming. 
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Fig. 6.9.11 Valve control system. 


1 Valve units 
2 Modem 
3 Control system (PLC) 


Fig. 6.10.12 Control system for spot automation. 


1 Operator unit 
2 PLC with integrated Input/Output 


Fig. 6.10.13 Small PLC controlled 
system. 
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An example of a good electronic solution is the valve control system 
shown in figure 6.10.11. Running a dairy of any size involves keeping track 
of hundreds, or thousands, of valves and operating them in different combi- 
nations and sequences. Programmable logic controllers are ideal for re- 
membering which combination is needed for a given purpose and setting 
up that combination in the shortest possible time. To do this, the control 
unit needs a channel for instant communication with all the valves. This 
makes the installation expensive and the new valve system has been devel- 
oped in order to avoid this. 

The new system consists of a number of valve units (1), one for each 
valve. The valve units are connected to a common cable and to a common 
compressed-air line. The cable is also connected to a modem (2) communi- 
cating with the control system (8). The installation is greatly simplified, and 
such a control system is much cheaper than a traditional system. 

It is possible to operate up to 120 valves via a single cable which also 
transmits the power to all the valves. Several modems — each controlling 
120 valves — can be connected serially to an automation system. 

Another important advantage of the system is that it is a two-way sys- 
tem. When ordered to open or close, the valve control unit reports back 
that this has been done. The modem scans the status of all valves continu- 
ously and instantly informs the process controller of any malfunction. This 
makes fault tracing and servicing much quicker and easier, particularly as it 
is possible to disconnect individual valve units without interfering with the 
operation of the other units in the system. 


Examples of control systems 


The small Programmable Logic Controller 

Figure 6.10.12 shows a small PLC for spot auto- 
mation, for example local automatic programmed 
control of a single machine or subprocess. This 
could be milk reception, a pasteuriser or a clean- 
ing system. Other applications for the PLC could 
be material reception, batching, fermentation, 
sterilisation, cooking, carton filling, etc. 

The unit is a microprocessor based programma- 
ble controller with up to 240 inputs and outputs 
connected to the process equipment. The inputs 
receive status signals (temperature readings, 
valve positions, etc.), and the output signals 
transmit command signals to pumps, valves and motors. 

Figure 6.10.13 shows another PLC controlling a milk reception line. The 
microprocessor in the unit constantly scans the inputs, comparing the cur- 
rent status of the process with the instructions in the program, and auto- 
matically takes whatever action is necessary. 

In a system like this the PLC can receive instructions from an operator at 
a nearby panel. The PLC unit can also be connected to a VDU for com- 
mands, programming or diagnostic messages. Alternatively, the instructions 
can come from another control unit. 


Decentralised process control 

More computation, communication and memory capacity than the PLC can 

supply is needed if the control system is to be extended for a complete 

process line or several process lines, as in figure 6.10.14. 

The automation system is configured with a number of standard units: 

e Process controllers (1). The number or controllers needed depends on 
the size of the process part that is going to be automated, as well as on 
the physical layout of the premises. 

e Operator interfaces (2). These will normally be one or more colour 
graphic VDUs, depending on the number of operators and process 
responsibility areas. 
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e Network cabling (8). This is the heart of communications between the 
different units. Process controllers and VDUs are all connected to the 
network. 

The process controllers all have their own process areas to control, and 
they communicate with each other over the network. In other words it is 
perfectly feasible to automate a complete plant by connecting several pro- 
cess controllers to a network, and to have one or more operator stations 
connected to the same network. 


SATTCONTROL SATTCONTROL ‘SATICONTROL 


Fig. 6.10.14 Large decentralised automation system. 1 Process controller 
2 Operator VDU 
3 Network cable 


Total integrated plant control 

The next step is to configure a totally integrated plant control system. In this 
structure of the automation system, the plant consists of more than one 
process area e.g. butter, cheese and liquid milk production. Each area has 
a configuration of several process controllers (1) and will often have opera- 
tor stations (2) of its own, receiving products from one area and delivering 
products to another. 

Within each area a network for communication is connected to the differ- 
ent units. 

The same network is then interconnected with all the other areas, so that 
data, commands, interlocks, etc. can be communicated between them. A 
central operator station for the whole plant can also be connected. It can be 
equipped with several colour graphic VDUs, each dedicated for one area 
and serving as the backup for another area. 

When all controllers in the plant are connected to the same network, it is 
possible to connect a central Maintenance Terminal to the system. This can 
then be used to provide input for re-programming, fault-tracing, trimming 
and tuning. 

It is essential to keep track of production and economy in a plant of this 
size. The process controllers contain a substantial amount of information 
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Fig. 6.10.15 Totally integrated system including Management Information System. 


and data from the process all the time, day and night, week and month. 
Knowing what is happening is a key to be able to run the plant more effi- 
ciently and economically. 

The process controllers themselves can provide a lot of data and re- 
ports, but the type of management information handling where the data 
must be further processed or data-base stored is best handled by a sepa- 
rate computer (3). 

A modern Management Information System (MIS) is dedicated to hand- 
ling large volumes of data. It computes and processes the data to produce 
various types of reports, to analyse production economy, etc., to assist in 
planning and to make preventive maintenance forecasts. These are all ex- 
amples of tasks that a Management Information System can be used for. 

The MIS is often based on personal computers using standard PC soft- 
ware such as Excel, Windows, etc. 
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Service systems 


Prerequisites for dairy 
processing 


A number of service installations must be supplied for dairy operations. 
Among these are water, heat in the form of steam and hot water, refrigera- 
tion, compressed air and electricity. 


Water supply equipment 


Water in nature moves in a continuous cycle, figure 6.11.1. Heated by the 
sun, it evaporates from the surface of the oceans, seas and lakes. The 
water is Suspended in the air and carried by the wind over land where it 
cools, condenses and falls as rain, hail or snow. Some of it, the surface 
water, runs from the ground directly to lakes and rivers and returns to the 
sea. The remainder soaks through the top layers of the soil and becomes 
ground water. 

Water is a solvent for many substances, so pure water does not exist in 
nature. Gases such as sulphur dioxide dissolve in water while it is still in the 
air, causing the ‘acid rain’ which is such a great problem in industrialised 
countries. Water also begins to dissolve various substances as soon as 
it reaches the ground. Surface water picks up organic matter, insecti- 
cides, chemicals from industrial effluents, etc. from the topsoil, as well 
as bacteria and other micro-organisms. 

As the water filters through the various layers of soil, much of 
the organic matter is removed together with a proportion of the 
organisms and chemicals. At the same time a number of naturally 
occurring salts are added, so that ground water is often fairly rich 
in salts of various kinds. These are present as ions, e.g. of sodi- 
um, potassium, magnesium, calcium, chloride, carbonate, nitrate 
and sulphate. 

Ground water is therefore the least polluted supply, but the 
composition varies from place to place according to local waste- 
water discharge, soil conditions and many other factors. Dis- 
solved and suspended substances in the water supply can 
cause problems in dairies. The incoming water must therefore be 
treated so that harmful substances can be reduced in concentra- 
tion, neutralised, or removed altogether. 

Most countries have strict legislation regarding the content of 
micro-organisms and toxic compounds in water. Analytical procedures, 
methods of sampling and the intervals between sampling are precisely 
specified. The diseases that can be transmitted by water are chiefly intesti- 
nal, so testing for pathogenic types of bacteria often concentrates on E. 
coli. Faecal pollution is indicated if E. coli are present in significant quanti- 
ties. 

The dairy industry consumes large quantities of water for various purpos- Fig. 6.11.1 The water cycle in nature. 
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Fig. 6.11.2 Pipe well with submersible 


pump. 


176 


es, such as pretreatment of dairy products, rinsing of equipment, cooling 
and cleaning. The quantity used varies from dairy to dairy according to 
cleaning methods, etc. and whether water is consumed in production, e.g. 
for recombining milk from powder or juice production. 

The dairy water supply often comes from the municipal waterworks. This 
water is taken from a river or a lake and is then treated so that it meets the 
requirements for drinking water. The water authority delivers the water to 
the dairy at the pressure and in the quantity required. The intake is measur- 
ed and recorded. The price paid by the dairy is then calculated per unit of 
volume and includes an additional levy for municipal waste-water treatment. 

Many dairies have their own wells. A simple well shaft is dug where the 
ground water is close to the surface. A long tube is driven into the ground if 
the water is deeper down, figure 6.11.2. The water is brought up by means 
of a pump, often submersible, and stored in a reservoir — usually at ground 
level but sometimes at a higher level (a water tower). From here it is deliv- 
ered by pumping or gravity to the various points of consumption in the 
dairy. 


Water treatment 
Water has many applications in a dairy and the quality requirements vary 
with the application. With present-day techniques of filtration, softening, ion 
exchange, sterilisation, total desalination and reverse osmosis, it is possible 
to obtain water of a very high quality. But the cost is also high. It is therefore 
important that the quality demands for different applications are carefully 
defined so that the water can be treated accordingly. 

Water used in the manufacture of dairy products must be of the highest 
quality, exceeding the requirements for acceptable drinking water. It should 


Table 6.11.1 Specifications for water 


Drinking water Water for 
dairy products 

Coliform bacteria, cfu*/100 ml <1 O 
Gelatine bacteria/ml <100 (0) 
Sediment, mg/l None None 
Turbidity None None 
Smell None None 
Taste None None 
Colour strength <20 <10 
Dry matter, mg/l <500 <500 
Permanganate consumption, mg/l <20 <10 
Ammonium, mg/l <0.5 = 
Calcium + magnesium, mg/l <100 <100 
Total hardness as CaCO,, mg/l = <100 
Iron, mg/l <0.2 <0.1 
Manganese, mg/l = <0.05 
Copper, mg/l O (0) 
Aluminium, mg/l <0.1 <0.1 
Zinc, mg/l O (0) 
Bicarbonate, mg/l = <80 
Chloride, mg/l <100 -= 
Nitrate, mg/l <30 = 
Nitrite, mg/l <0.02 = 
Fluoride, mg/l 1 1 
Chlorine surplus, mg/l = Q 
Algae, protozoa, etc. None None 
Toxic matter None None 
pH 7-8.5 7-8.5 


* colony forming units 
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consequently be completely clear, free from smell, colour and taste, soft 
and virtually sterile. Softening, i.e. reducing the calcium and magnesium 
content, and dechlorination, removal of chlorine disinfectant by filtration 
through active carbon, are therefore necessary. Table 6.11.1 shows the 
requirements for drinking water and for water used in dairy processes. 
Water that flows through narrow pipes, etc. should be softened to pre- 
vent clogging. All water used for steam generation and feed water for boil- 
ers should also be softened to prevent scale from forming on the heating 
surfaces. Boiler scale is undesirable in terms of both safety and economy. 


Piping system design 
Water is distributed from the intake to wherever it is needed in the dairy. The 
water flows through a piping system similar to that used for the product. 
Stainless steel is used for pipes with a diameter of 2.5" (65 mm) or larger, 
galvanised steel for smaller pipes. The system includes shut-off valves, 
pressure gauges and routing valves. Strainers and sometimes pressure- 
reducing valves are incorporated to maintain the required pressure in the 
system. 
Many dairy applications make special demands on the water supply. 
Large quantities of water are often needed over a relatively short period at a ol 
sustained high pressure. Short but intensive periods of consumption may r e 
occur at several outlet points simultaneously. The system and the pressure 
must therefore be dimensioned to suit these instantaneous load conditions. 
For example, a dairy might increase its output without increasing the 
water supply capacity to match. If this happens, and several instantaneous 
loads occur simultaneously, the supply pressure will drop to a dangerously 
low level for the proper functioning of certain equipment. A pressure tank 
can be used to prevent this. The pressure tank acts as an accumulator. A 
typical volume of a water tank is 1 - 3 m3. Water is held in the tank at a 
pressure determined by an air cushion. On demand, the pressure tank 
supplies the equipment with the required amount of water at the required 
pressure. When the instantaneous demand has been met, the tank accu- 
mulates more water in preparation for the next with- 
drawal. Figure 6.11.3 shows this type of pressure 
tank. During periods of zero demand the tank is filled 
with water to the preset pressure. The pressure 
switch (4) shuts off the power supply to the pump (6). 
As soon as water is drawn from the tank, the result- 
ing drop in pressure is sensed by the pressure switch 
which, via a contactor, starts the pump and water is pumped into the tank. 
When the withdrawal operation is over, the water level rises in the tank until Fig. 6.11.3 Water pressure tank 


the preset pressure is reached again. The pressure switch then stops the 7 Tank 
pump and the pressure tank is ready to meet the next instantaneous de- 2 Drain valve 
d 3 Safety valve. Opens at 600 kPa 
mang. 4 Pressure switch 
5 Check valve 
: 6 Liquid-ring pump 

Heat production 7 Vent valve 

: : : ss 8 Pressure gauge 
The operation of a dairy requires large quantities of thermal energy to heat 9 Level glass 


various products, detergent solutions, etc. Heat is usually transferred to the 
product in heat exchangers by a thermal conductor known as the heating 
medium. This medium is generated in a heating plant and is distributed 
through a piping system to the various points of consumption (e.g. the heat 
exchanger in the hot water unit of a pasteuriser). Here heat is transferred to 
the product to be heated. The heating medium then flows back to the heat- 
ing plant, where it is re-heated before returning to the points of consump- 
tion. This circuit operates continuously. 

Steam at a temperature of 140 - 150°C is frequently used as a heating 
medium. Systems using hot water have been installed in dairies which have 
been built in recent years. Most equipment requires a water temperature 
around 100°C for heating. The pressure in the system must be above at- 
mospheric pressure so that the water cannot boil. The installation cost of a 
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hot-water system is slightly lower than that of a steam system. The system 
is also easier to regulate and the operation is simpler. The disadvantage is 
that heat transfer in a hot-water system is lower than in a steam system. 


Steam production 
Generation of the heating medium takes place in steam or hot-water boilers 
which are sometimes located in the heating plant. The boiler is usually 
fuelled with oil, coal or gas. Thermal energy is released by the burning fuel 
and absorbed by the heating medium. The efficiency of the boiler is in the 
range of 80 - 92%, and heat losses in the piping system often amount to 
about 15%. Consequently, only between 65 and 77% of the total thermal 
energy of the fuel can be utilised in pro- 


Fig. 6.11.4 Steam production and 

distribution system 
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2 Steam distribution vessel for 
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Fig. 6.11.5 Principle of the fire tube 
boiler 
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duction. From the point of view of oper- 
ating costs it is most important that the 
efficiency of the boiler does not drop 
below the minimum level, and for this 
reason boiler efficiency is very closely 
checked in the dairy. 

The steam temperature in the steam 
system described below must be be- 
tween 140 and 150°C. In the case of 
saturated steam, this is equivalent to a 
gauge pressure of 270 - 385 kPa (2.7 - 
3.8 bar). The boilers operate at a considerably higher 
pressure, as a rule 900 — 1 100 kPa (9 - 11 bar), so 
that smaller piping dimensions can be used to com- 
pensate for heat and pressure losses in the system. 

Figure 6.11.4 is a simplified diagram of the steam system and the distri- 
bution network. The water used for generation of steam is referred to as 
feed water. Makeup water often contains calcium salts, which make the 
water hard. Feed water often contains oxygen and carbon dioxide. This 
often makes treatment of the water necessary. 

If this is not done, the salts will be deposited in the system and form 
scale in the boiler, resulting in drastically reduced efficiency. Oxygen can 
cause severe corrosion in the water and steam parts. Water-softening filters 
(11) are therefore included in the system. They remove the calcium and 
magnesium salts, and a de-gassing apparatus (12) removes the gases in 
the feed water. Impurities in the form of sludge are removed by blowing 
down the boiler. Chemical conditioning of boiler water and treatment of 
boiler feed water are necessary to keep the steam system in good operat- 
ing condition. 

A feed water pump keeps the water in the boiler at a constant level. The 
water in the boiler is heated by the burning fuel and converted to steam. It 
takes a great deal of heat, about 2 260 kJ (540 kcal) at atmospheric pres- 
sure, to convert one kilogram of water to steam. This heat, which is referred 
to as vaporisation heat, will subsequently be released as the steam con- 
denses on the heat transfer surfaces at the points of consumption (5). 

The condensed steam, condensate, is collected in steam traps (6) anda 
condensate tank (7) and pumped back to the boiler by a condensate pump. 


Steam boilers 
Two main types of boilers are used for the generation of steam: the fire tube 
boiler (which is the most common type in dairies) and the water tube boiler. 
The choice is influenced by the required steam pressure and steam power, 
i.e. the quantity of steam utilised at a given time. Boilers for low pressures 
and small power outputs are often tubular boilers in which the flue gases 
pass inside the tubes. Boilers for high pressures and large steam power 
outputs are mostly water-tube boilers in which the water is circulated inside 
the tubes. 

Figure 6.11.5 shows the principle of the fire tube boiler. The hot flue 
gases are blown by a fan through the tubes. Heat from the flue gases is 
conducted through the walls of the tubes to the water surrounding the 
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outside of the tubes. The water is heated to boiling point and the steam is 
collected in the steam dome for distribution to the system. 

When the pressure inside the steam dome reaches the required (preset) 
level, the steam valve can be opened and the steam flows to the points of 
consumption. The burner is started and stopped automatically, keeping the 
steam pressure at the required level. Feed water is added so that the cor- 
rect water level is maintained in the boiler. The safety valve opens if the 
highest permitted pressure in the steam dome is exceeded. 

Water-tube boilers, figure 6.11.6, are available in a wide range of models. 
The principle is that the feed water passes through tubes which are exter- 
nally heated by the flue gases. Steam generation takes place in the tubes, 
which are inclined so that the steam can rise to the steam dome. The steam 
passes into the two upper domes via the superheater before being fed into 
the distribution system. The steam is heated by the flue gases for a second 
time in the superheater — the steam is superheated. This makes the steam 
dryer. 

The lower dome also collects sediment sludge, the impurities which were 
present in the feed water. The sludge is removed from this dome by bot- 
tom-blowing the boiler. In other types of boilers the sludge collects in the 
bottom of the boiler. 


Fig. 6.11.6 Principle of the water-tube 
boiler including three steam domes. 


Collecting the condensate 
The steam which passes through the piping system is cooled by the 


(ai) 
surrounding air and consequently starts to condense. It is possible to £ 

reduce this condensation by insulating the pipes, but condensation Reduced) & Co F 
can never be completely avoided. The pipes must therefore be in- steam É = 


stalled with a slight slope towards the condensate collection points, 
which are located in various parts of the piping system. 

Steam traps are installed at these points. They permit the conden- 
sate to pass (and preferably also air), but not steam. The condensate is 
collected in the same way at the various steam consumption points 
and is returned to a collecting tank in the heating plant by condensate Steam Steam Steam Steam 


pumps and a piping system. Condensate can be returned to the feed 
water tank by steam pressure without using a condensate tank or 


condensate pump. This system is very often used. PHE PHE 

Other equipment 

The firing equipment of industrial steam boilers consists of a burner, 
often an oil-fired burner of the atomiser type, in which the oil is dis- 

persed as a fine mist. This mist is ignited by high-voltage electrodes Steam 

and the resulting flue gases are blown through the boiler by a fan. traps C8 7 7 7 


Safety equipment is also included to eliminate the risk of acci- 


dents and damage. Modern steam generating boilers are fitted fi 


with automatic control devices which permit operation without O 
the need for constant supervision. H Pi 
Feed water Feed water 
The steam piping system tank pump 
A system for steam distribution and condensate collection is 
schematically shown in figure 6.11.7. The steam passes through the main Fig. 6.11.7 System for steam mamm 


distribution and condensate === 


valve on the steam dome of the boiler to the distribution vessel via a pres- : 
collection. 


sure reduction valve. From here the steam continues to the various points of 
consumption. A pressure reducing valve is often fitted before the consump- 
tion point for fine adjustment of the steam pressure. 

The steam piping system is exposed to extensive variations in tempera- 
ture. This results in considerable thermal expansion of the pipes. The pipes 
must therefore be installed to permit axial movement. 
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Fig. 6.11.8 Reduction of pressure 
causes water to boil at lower tempera- 
tures. (g = gauge) 
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Refrigeration 


Many stages in the process require that the product is heated to a certain 
temperature. Any increase in temperature will naturally result in increased 
activity by any micro-organisms which may be present in the product, as 
well as speeding up the chemical reactions which are controlled by en- 
zymes. Activity of this kind must be avoided as much as possible, so it is 
important for the product temperature to be reduced quickly as soon as a 
particular stage of production has been completed. The need for refrigera- 
tion in dairies is consequently very great, and the operating costs of the 
refrigeration plant represent a significant item in the budget of any dairy. 


The principle of refrigeration 
The refrigeration effect is based on the fact that heat is absorbed when a 
liquid is converted into vapour. 

This phenomenon, vaporisation heat, has already been mentioned in the 
description of the steam boiler. The internal pressure of the steam boiler is 
higher than atmospheric pressure and the water therefore boils at a higher 
temperature; water at a gauge pressure of 1 000 kPa (10 bar) boils at 
188°C, figure 6.11.8 A. 

Conversely, water boils at a lower temperature if the pressure is reduced. 
Water at atmospheric pressure boils at 100°C, figure 6.11.8 B. If the pres- 
sure is reduced to below atmospheric pressure, a vacuum is created and 
the water boils at a temperature below 100°C. Water can be made to boil at 
about 80°C by connecting a vacuum pump to a vessel containing water 
and reducing the absolute pressure to 50 kPa (0.5 bar). Water will boil at 
10°C if the pressure is reduced to 1.25 kPa (0.0125 bar), figure 6.11.8 C. 

If this vessel is placed in an insulated room in which the air temperature 
is 20°C, heat from the air will be transferred to the water in the vessel. The 
water will then be converted to steam. If the steam formed in this way is 
continuously extracted so that the pressure inside the container does not 
exceed 1.25 kPa, the air in the room will be cooled by transfer of heat to the 
water in the vessel; the water acts as a refrigerant. 

1.25 kPa is a very low pressure, and it would therefore be extremely 
expensive to use water as a refrigerant. There are other liquids which boil at 
the same temperature under considerably higher pressures. Such a liquid 
has a higher vapour pressure than water. One example is ether; if a drop of 
ether falls on the skin, it feels cold. This is because heat from the skin is 
transferred to the liquid ether as it boils and is converted to vapour. Ether 
boils at a temperature below 37°C at atmospheric pressure. If the pressure 
at the surface of the liquid is reduced by a vacuum pump, such liquids can 
be made to boil at temperatures well below 0°C. 

Ammonia is a common refrigerant. It boils at atmospheric pressure at a 
temperature of about -33°C. If the pressure is reduced to 50 kPa (0.5 bar), 
ammonia boils at -45°C. Freon R22 is another common refrigerant which, 
unlike ammonia, is non-toxic and odourless and which will neither burn nor 
explode. As a refrigerant it has approximately the same vapour pressure as 
ammonia at various temperatures. 

The use of refrigerants such as R12 and R22 is now restricted in most 
countries because they deplete the stratospheric ozone layer. These re- 
frigerants are basically chlorinated fluorocarbons (CFCs). It is the chlorine 
that breaks down ozone. In addition, CFCs contribute to the greenhouse 
effect. In choosing refrigerant systems it is desirable to replace CFC refriger- 
ants with environmentally acceptable alternatives wherever possible. 


How refrigeration works 

A refrigeration system is a closed circuit in which the refrigerant cycles be- 
tween gaseous and liquid form by undergoing alternate pressure reduction 
(expansion) and pressure increase (compression). The principal compo- 
nents of the system are: 

e evaporator 

e compressor 
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e condenser Exhaust fan 
e expansion valve T 

Figure 6.11.9 shows how the system operates. Emission of heat 
The refrigerant is under low pressure in the evapora- 
tor, where it absorbs heat from the surrounding } } } } } 
space. This causes part of the refrigerant to vapor- Condenser 
ise continuously. The vapour is continuously ex- ees 1000 kPa 
tracted from the evaporator by the compressor, I ee ee 
which thus keeps the pressure of the refrigerant Compressor | 
and its vaporisation temperature at a constant level. 

The vaporised refrigerant is compressed to a 
higher pressure in the compressor. The hot refriger- 
ant gas is then forced from the compressor to the 
condenser for cooling. Compression causes both the 
vaporisation temperature and the condensation tem- 
perature of the refrigerant vapour to rise. Where am- 
monia is used, the operating vaporisation temperature is 
often about —20°C, which corresponds to a vaporisation pressure of 
200 kPa (2 bar) absolute. 

The pressure of the boiled-off gas is boosted to about 1 000 kPa (10 
bar) in the compressor. This corresponds to a vaporisation temperature of 
+25°C. The ammonia gas then condenses, i.e. it changes from a vapour to 
a liquid. This is done in the condenser by cooling the gas with water or air. 
The heat absorbed by the ammonia in the evaporator is released in the 
condenser. 

The condensed liquid ammonia must then be returned from the con- Fig. 6.11.9 Schematic representation 
denser to the evaporator. The liquid passes through the expansion valve in of a refrigeration system with ammonia 
order for the pressure to be reduced. This also reduces the temperature of refrigerant. 
the liquid. The expansion valve is set to give an exact reduction in pressure 
(so that the liquid assumes the same pressure as in the evaporator). A small 
proportion of the liquid vaporises in the expansion valve when the pressure 
is reduced. The vaporisation heat which this requires is obtained from the 
liquid, which is consequently cooled. 


: X Expansion 
valve 


z aE ve i Evaporator 
Refrigerant | 150 kPa 


With 


Heat absorption 


The evaporator 
The evaporator is the part of the refrigeration plant in which the evaporation 
of the refrigerant takes place. The design of the evaporator is determined by 
the selection of refrigerant. There are three main types of evaporators used 
in dairies: 
e air-circulation evaporators 
e shell-and-tube and plate type evaporators 
e coil evaporators for ice accumulation 

In air-circulation evaporators, figure 6.11.10, air is chilled by being 


passed through a battery of tubes equipped with fins to maximise their Fig. 6.11.10 A small air cooler. 
heat-transfer area. The refrigerant circulating in the tubes absorbs heat from 

the air and is vaporised. Air-circulation evaporators are used for refriger- 

ation of storage areas and for cooling the air in air-condition- J $ 

ing plants. 


Shell-and-tube and plate type evaporators are widely used 
in dairies, where their function is to extract heat from the cir- 
culating coolants that cool products in process heat exchang- 
ers. Such coolants include ice water, brine (salt water) and 
alcohols such as ethanol and glycol, which have freezing 
points below 0°C. 

The coil evaporator, figure 6.11.11, for ice accumulation is 
designed to be placed in a water vessel to produce ice-water. 
During the night, water freezes in a layer on the evaporator 
tubes, inside which the refrigerant is circulated. This makes it 
possible to use cheap electric energy for running the cooling 
plant. The ice melts during the day, permitting a great deal of 
refrigerating capacity to be removed from this ‘ice bank’ in the 
form of ice water. 


Fig. 6.11.11 Ice water tank with evapo- 
rator coils. 
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To condenser Í 


Fig. 6.11.12 Design principle of the 
screw compressor. 


Fig. 6.11.13 Tube condenser with front end open (shell-and-tube type). 
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The compressor 

The refrigerant vapour is compressed to a high pressure in the compressor. 

This increases the temperature of the vapour. The work carried out by the 

compressor is transferred to the gas in the form of heat. This means that 

the gas leaving the compressor contains a greater quantity of heat than was 
absorbed in the evaporator. All this heat 

From evaporator 4 must therefore be removed by cooling in 
the condenser. 

The most commonly used refrigerating 
compressor is the piston compressor. The 
gas is drawn into cylinders and com- 
pressed by pistons in the cylinders. The 
machines can be equipped with a varying 
number of cylinders. They are available for 
refrigerating capacities between 0.1 and 
400 kW. 

The screw compressor, figure 6.11.12, is 
also very common nowadays, especially for 
higher capacities. The principal compo- 
nents are two helical rotors installed in a 
common housing. As the rotors turn, gas is 
drawn into the gaps between the teeth (see 
also under Positive displacement pump in 
chapter 6.7) and is trapped in the clearances. The volume between the 
teeth is progressively reduced as the captive gas is conveyed along the 
length of the rotors, so the gas is gradually compressed and the pressure 
increases. The compressed vapour continues to the condenser. Oil is 
sprayed on the meshing faces in most screw compressors in order to re- 
duce leakage between the gaps in the rotors. In this way it is possible to 
obtain high efficiency even at low speeds. The oil is removed from the va- 
pour in an oil trap before the condenser. 

Screw compressors are used in large installations. One of the greatest 
advantages of the screw compressor is that the capacity can be varied 
down to 10% of full power without excessive electric power losses. 


The condenser 

The heat absorbed in the evaporator and the heat transmitted to the vapour 

in the compressor are removed by cooling in the condenser. Condensers 

are divided into three types: 

e air-cooled condensers 

e liquid-cooled condensers 

e evaporation condensers 

The selection of the condenser is determined by external factors such as 

water supply, the price of water and the operating time of the plant. 
Air-cooled condensers have, until now, mostly been used in small refrig- 

eration plants, but are becoming more common in large plants. The reason 

for this is the rapidly increasing cost of water and, occasionally, the uncer- 

tainty of the water supply. In the air-cooled condenser the refrigerant passes 

through a cooling coil with fin elements, around which the cooling air circu- 

lates. As it is cooled, the refrigerant condenses in the coil and then flows to 

the throttling valve. 
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The water-cooled condenser is the most economical type where a cheap 
supply of water is available. The most common type is the tube condenser, 
figure 6.11.13. It operates by circulating cooling water inside the tubes. This ft t 
condenses the refrigerant on the external tube surfaces. 

The water-cooled condenser, 6.11.14, is often combined with a cooling 
tower. The cooling water is cooled by air in the cooling tower and is then 
pumped to the condenser where it absorbs the condensation heat from the 
refrigerant. From there it is pumped back to the cooling tower for the air- 
cooling to be repeated, etc. 

The evaporation condenser is a combination of an air-cooled condenser 
and a cooling tower. This type is used when there is a shortage of cooling Make-up 
water or where the cost of cooling water is too high. water 


Air exhaust 


Other equipment 

The installation described has been greatly simplified in order to illustrate 
how the refrigeration plant works. Many other components are required in 
order for the plant to function, e.g. refrigerant tanks, filters, oil traps, safety 
valves, shut-off valves, level, pressure and temperature gauges and other 
forms of safety equipment in order to permit safe operation of the plant. The 
plant can also be equipped with automatic control devices to eliminate the 


fe : ; : Inlet for 
need for constant Supervision and to provide more economical operation. ane Outlet for liquid 
vapour refrigerant 


Fig. 6.11.14 Combined tube condens- 


Production of compressed air er and cooling tower circuit 


The dairy industry has an extensive requirement for advanced instruments 
and equipment for automatic control, monitoring and regulation of the vari- 
ous production processes. Pneumatically controlled automatic systems 
have proved reliable in the damp atmosphere of the dairy and are frequently 
used. Reliability requires compressed air free from impurities, which makes 
demands on the design of the compressed-air system. Compressed air 
also has other applications: 

e Powering the actuators in some machines, such as filling machines, 

e Emptying product from pipes, 

e Agitation in storage tanks, 

e Pneumatic tools in the workshop. 


Demands on compressed air 


The various applications for compressed air in the dairy make different de- 
mands concerning air pressure, dryness, purity and quantity. Based on the 
requirements for purity, compressed air is divided into three quality classes: 
e Compressed air which comes into direct contact with the product. This 
class should be clean, oil-free, dry, odourless and practically sterile. 
Relatively small quantities of this A-quality air are used. The supply pressure 
is often between 200 and 300 kPa (2 - 3 bar). 
e Compressed air which does not come into contact with the product, but 
which must be clean, dry and preferably oil-free, as it will be used for the 
control of instruments and as the source of power to actuate pneumatic 
components and valves, etc. This compressed air is supplied at a pressure 
of between 500 and 600 kPa (5 - 6 bar). 
e Compressed air which should be free from solid particles and as dry as 
possible, as it will be used for pneumatic tools, etc. Supply pressure ap- 
prox. 600 kPa (6 bar). 

Untreated air from the atmosphere always contains impurities. These are 
found in untreated compressed air, together with impurities from the com- R 


pressor. There may be particles produced from wear and from oil particles. Fig. 6-11.15 Compressed air has 
Atmospheric air also contains water vapour, which must be removed if the many applications in the dairy. 
compressed air is to meet the necessary standard of quality. A Air for actuating valves 

The largest quantities of compressed air are used for pneumatic ma- B Air for powering cylinders 
chines in the dairy and in the workshop. This air must be supplied at a pres- © Air for pneumatic tools 
sure of approx. 600 kPa (6 bar), for which a compressor plant producing an 
operating pressure of 700 kPa (7 bar) is required to compensate for the 
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pressure drop in the distribution system. Only a small quantity of com- 
pressed air is needed at pressures lower than those required for the control 
of instruments and as a source of power. It would therefore be uneconomi- 
cal to use separate compressors for this air, as it would also require a sepa- 
rate system of air conduits. Consequently, compressed air for all applica- 
tions is taken from the central compressor plant and then receives individual 
treatment to meet the several requirements of its applications. 


The compressed-air installation 

Compressed air is produced in an air compressor. When air must be oil- 
free, it is not possible to use compressors in which the compression cham- 
ber is lubricated with oil to increase compression efficiency. Oil-free com- 
pressors must be used. It is practically impossible to remove all the oil from 
compressed air, but it is nevertheless possible to get a remaining oil content 
of only 0.01 ppm. 

It is normal to use two identical compressors to meet the overall com- 
pressed-air requirement of the dairy. The types of compressors used in- 
clude oil-lubricated compressors, screw compressors with oil-free com- 
pression chambers, special piston compressors with non-lubricated cylin- 
ders and a means of preventing oil from the crankcase from entering the 
compression chamber, and finally turoocompressors. 

Figure 6.11.16 shows an example of an installation. Air is supplied from 


the compressor to a dehumidifier, where the water vapour in the air is re- 
Compressor moved by cooling and precipitation. The dried air then continues to an air 
J receiver. The compressed air is taken from this tank and used to control 


+z 


Refrigeration 
+2°C 


Dehumidifying by cooling, 


instruments, operate valves and power actuating cylinders, etc. 
Compressed air of the highest quality, which comes into direct contact 

with the product when used for pneumatic agitation of tanks and for empty- 

ing product from pipes, undergoes further drying in adsorption filters and is 


dew point +2 °C then sterilised in special filters before being used. 
4 Air drying 
Air always contains some water vapour. The greatest amount of water va- 


pour (in g/m’) that air can hold varies with the temperature. 
Air containing the maximum possible amount of vapour 


Automatic i i o ; i 
is said to be saturated. At 30°C saturated air contains 30.1 g 


Adsorption i 
filter water per cubic metre. If the temperature drops to 20°C, the 
saturation vapour content is only 17.1 g/m°. This means that 


Pneumatic 30.1 - 17.1 = 13.0 g/m? will precipitate (condense) as free 
filter water. The temperature at which water vapour begins to 
condense is called the dew point. 
Pipe Air in the atmosphere, at a temperature of 20°C, con- 
filter tains a maximum of 17.1 g/m? of water. The degree of dry- 
ness of air containing only 6.8 g/m? of water may be de- 
scribed as its “relative humidity”, RH, i.e. the ratio between 


the actual water content and the maximum possible water content. 
The relative humidity of the air in this case will be 


Oil mist 
lubricator 
Actuating 
cylinders 


Fig. 6.11.16 Compressed-air installation 


6.8 x100  _ apo 

17.1 mae 

The dew point of this air is 5°C. The vapour will condense to form free water 
if it is cooled to below 5°C. 

If the air in the atmosphere, which is at a pressure of 100 kPa (1 bar), is 
compressed to half its volume, with no change in temperature, the pressure 
will increase to 200 kPa (2 bar). A cubic metre of air at this higher pressure 
will then contain 2 x 6.8 = 13.6 g water/m°. The dew point of the air will also 
have been increased from 5 to 16°C as a result of being compressed. 

If the air is now compressed again to half its volume, the pressure will 
increase to 400 kPa (4 bar). A cubic metre of this compressed air contains 2 
x 13.6 = 27.2 g water/m®. However, air at 20°C can only contain 17.1 g/m? of 
water, regardless of the pressure. The surplus of 27.2 — 17.1 = 10.1 g/m’ will 
therefore condense in the form of free water. 
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Conversely, it is possible to reduce the dew point of the air if it is allowed 
to expand to a reduced pressure (greater volume). 

Air which has been compressed in a compressor, 6.11.16, ref.1, con- 
tains a great deal of water. It is also hot — about 140 — 150°C — and must 
therefore be cooled. For this purpose it passes through an aftercooler, 
where most of the water is precipitated by cooling with water or air. The 
compressed air then continues to a cooler-drier (ref. 2), where further cool- 
ing takes place until a dew point of about 2°C is reached. The dried air will 
now have a pressure of 700 kPa (7 bar), a temperature of 2°C and a water 
content of 5.6 g/m8. 

The requirement for a dairy is that the dew point should be at least 10°C 
below the lowest ambient temperature to which the compressed air lines 
are exposed. 

A dew point of 2°C is considered satisfactory in most cases. If the air 
system passes through areas with temperatures below 0°C, the air will have 
to be dried to an even lower dew point in order to avoid condensation of 
water inside the air lines, which would cause problems. Adsorption driers 
(ref. 4) should be used in such cases. The humidity in the air is adsorbed by 
a drying agent such as silica gel. 

Sterile air is obtained by filtering the compressed air in sterile filters (ref. 
5). The filter element of these filters consists of chemically pure cotton or 
polyester or polypropylene. Micro-organisms are killed as the air is heated in 
the compressor. Reinfection can occur in the pipes, and the sterile filters are 
therefore fitted immediately before the equipment where the air is used. The 
filters are normally adapted for steam sterilisation. 


Pipe system 

The most rational solution is to have a single compressor plant and a single 
distribution network for the compressed air. It is of the greatest importance 
in a modern, highly automated dairy that instruments and control systems 
can always be supplied with compressed air at the correct pressure and in 
the correct quantity. In some cases, the design may involve installation of 
regulators which supply compressed air to the control system, so that the 
air supply to less sensitive points can be shut off if there is a tendency for 
the pressure in the supply line to drop. 


Electric power 


Dairies normally purchase their electric power from local distributors. In 
most cases it is supplied at high voltage, between 3 000 and 30 000 V, but 
dairies with a power demand of up to approximately 300 kW may also take 
low-voltage supplies of 200 - 440 V. 

The principal components of the electrical system are: 

High voltage switchgear 

Power transformers 

Low voltage switchgear 

Generating set 

Motor control centres (MCC) 


High voltage switchgear 
The high voltage switchgear is the main panel for high voltage distribution. 
The switchgear consists of a number of cubicles with a central busbar 
system to which various types of switches are connected. One or more 
cubicles are used for the incoming supply from the distributor. Each supply/ 
cubicle has a switch for isolation. After the incoming cubicles there is a 
cubicle with equipment for metering the electric energy used. After the 
metering cubicle come cubicles for outgoing supply, one per transformer/ 
supply. A normal dairy has between one and four transformers. Each trans- 
former is protected by a switch (circuit breaker or load disconnector and 
fuse) that cuts off the power in case of fault or overload. 
If the dairy has very large motors, for instance 300 kW and above, it may 
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High voltage Power Low voltage Motor Control 
switchgear transformer switchgear Centre, MCC 


Fig. 6.11.17 Example of a power distribution system for a dairy plant. 
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be worthwhile to supply them with high voltage from separate cubicles in 
the switchgear. 


Power transformer 


The power transformer receives power from cables connecting it to the high 
voltage switchgear. The power transformer converts high voltage to low 
voltage, normally between 200 and 440 V. The size of the transformer de- 
pends on the power demand. The normal capacity range is 400 — 2 000 
kVA. 

There are two main types of transformer: 

e Oil insulated for indoor and outdoor installation, 

e Dry insulated for indoor installation. 

Oil insulated transformers are less expensive, but require a separate, fire- 
proof room because of the inflammable oil. The room should have a sump 
under the transformer where leaking oil can be collected. 

Dry insulated transformers do not contain inflammable oil and can there- 
fore be installed in connection with the load. Transformers are subject to 
losses of approximately 1 kW per 100 kVA. This lost energy is given off as 
heat, which must be removed by ventilation. 


Low voltage switchgear 
The low voltage switchgear receives power from cables or bars connecting 
it to the power transformer. The low voltage switchgear is the main panel for 
low voltage distribution; it contains equipment for switching, controlling and 
protection of outgoing supplies. 
The size of the power transformer determines how big the main switch 
and busbar system of the switchgear must be. 
The switchgear contains: 
e One incoming unit with a main switch for isolation of the switchgear plus 
instruments for control of voltage, current, etc. 
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e Several outgoing units to large power consumers such as Motor Control 
Centres, (MCC), homogenisers, etc. Each supply has a circuit breaker or 
load breaker and a fuse for the protection of cables and apparatus. 

e One unit with power factor correction equipment (not always). 


Generating set 

A generating set can be used for local production of electric power. The 
generating set may run continuously or be used as a standby if the local 
distribution system is out. The generator is usually diesel-powered, has its 
own integrated control panels, and delivers a low voltage supply. Several 
generating sets can run in parallel if needed. 


Motor control centres, MCC 

The MCCs receive power from cables connecting them to the low voltage 
switchgear. The MCCs control, protect and distribute power to the final 
consumption points in the plant. 

An MCC contains one incoming unit with main switch for isolation and 
outgoing units for supply to machines and motors. The most common 
types of supplies are: 

e One or three-phase circuit breakers (or fuses) 

e Motor starters for direct on-line start 

e Motor starters for star-delta start 

e Two-speed starters 

Normally, a number of connection points are supplied from an MCC. Some 
machines have an enclosed MCC/Control Panel with all the necessary 
equipment. 

MCCs can be controlled 
e Manually by push-buttons on the front, 

e Manually by push-button panels located in process areas, 

e By electronic control systems inside the MCC or in a central control 
room. 

Individual machines and motors receive power from cables connecting 

them to the MCCs. The cables are normally installed on cable trays or in 

pipes. An isolating switch (safety switch) is installed close to each motor for 

use during servicing. 

All material used must have a suitable protection (IP = International Pro- 
tection classification) against contact with solid objects and ingress of wa- 
ter, depending on the room (surroundings) in which is installed. International 
standards are available as a help for this classification. Normally IP 54 is 
required within process and packaging areas. 
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Chapter 7 


Designing a process line 


In the dairy raw milk passes through several stages of treatment in vari- 
ous types of processing equipment before reaching the consumer in the 
form of a finished, refined product. Production usually takes place con- 
tinuously in a closed process, where the main components are connect- 
ed by a system of pipes. The type of treatment involved and the design of 
the process depend on the end product. 


The process described in this chapter is general milk pasteurisation. This 
process is the basic operation in market milk processing, and also consti- 
tutes an important pretreatment stage in a chain of dairy processes such as 
cheesemaking and cultured milk production. The aim is to present some of 
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Milk in 


Fig. 7.1 Generalised block chart of the 
milk pasteurisation process. 
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the considerations which the plant designer has to face when planning a 
whole milk pasteurisation plant. 


Process design 
considerations 


There are many aspects to be considered when a process line is designed. 
They can vary and be very complex, which places considerable demands 
on those responsible for the preliminary planning. Project engineering al- 
ways involves a compromise between different requirements such as: 

e Product-related — concerning the raw material, its treatment and the 
quality of the end product. 

e Process-related — concerning plant capacity, selection of components 
and their compatibility, degree of process control, availability of heating 
and cooling media, cleaning of process equipment, etc. 

e Economic — that the total cost of production to stipulated quality 
standards is as low as possible. 

e Legal- legislation stipulating process parameters as well as choice of 
components and system solutions. 


Holding Hot water Steam 
tube preparation 


Raw 
milk 
storage 


Inter- 
mediate 
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Milk to filling 
Heat treatment 
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Ice water 


Clarification 


The process illustrated in figure 7.1 deals with heat treatment — pasteurisa- 
tion — of whole milk, e.g. market milk for sale to consumers. 


Some legal requirements 


In most countries where milk is processed into various products, certain 
requirements are laid down by law to protect consumers against infection 
by pathogenic micro-organisms. The wording and recommendations may 
vary, but the combination below covers the most commonly stated require- 
ments: 

e Heat treatment 

The milk must be heat treated in such a way that all pathogenic micro- 
organisms are killed. A minimum temperature/holding time of 72°C for 

15 seconds must be achieved. 

e Recording 

The heating temperature must be automatically recorded and the 
transcript saved for a prescribed period of time. 
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e Clarification prior to heat treatment 

As milk often contains solid matter such as dirt particles, leucocytes (white 
blood corpuscles) and somatic cells (of udder tissue), it must be clarified. 
Since pasteurisation is less likely to be effective if bacteria are ensconced in 
lumps and particles in the milk, clarification must take place upstream of 
heating. Milk can be clarified in a filter or, more effectively, in a centrifugal 
Clarifier. 

e Preventing reinfection 

Heat exchangers are calculated so that a higher pressure should be main- 
tained in the pasteurised milk flow compared to the unpasteurised milk and 
service media. If a leakage should occur in the heat exchanger, pasteurised 
milk must flow into the unpasteurised milk or cooling medium, and not in 
the opposite direction. In order to safeguard that a booster pump to create 
a pressure differential is often required and in certain countries it is manda- 
tory. 

In the event of temperature drop in the pasteurised product due to a 
temporary shortage of heating medium, the plant must be provided with a 
flow diversion valve to divert the insufficiently heated milk back to the bal- 
ance tank. 


Equipment required 

The following equipment is required for a remote controlled process: 

e Silo tanks for storing the raw milk. 

e Plate heat exchanger for heating and cooling, a holding tube and a hot 
water unit. 

e Centrifugal clarifier (as only whole milk is to be treated, a centrifugal 
separator is not needed in this example). 

e Intermediate storage tank for temporary storage of processed milk. 

e Pipes and fittings for connecting main components and pneumatically 
operated vaves for controlling and distributing the product flow and 
cleaning fluids. 

e Pumps for transportation of milk through the entire milk treatment plant. 

e Control equipment for control of capacity, pasteurisation temperature 
and valve positions. 

e Various service systems: 

— water supply 

— steam production 

— refrigeration for coolant 
compressed air for pneumatically operated units 

— electric power 

— drain and waste water. 

Most of the various service systems are described in chapter 6.11. 
Service media requirements are calculated after the plant design is agreed 
upon. Thus the temperature programme for pasteurisation must be known, 
as well as the specifications for all other areas where heating and cooling 
are needed (cold storage, cleaning systems, etc.), before the number and 


power of electrically operated machines, number of pneumatically operated 
units, working hours of the plant, etc. can be determined. Such calculations 


are not presented in this book. 


Choice of equipment 
Silo tanks 


The number and size of silo tanks are determined by the raw milk delivery 


schedules and volume of each delivery. In order to operate the plant contin- 


uously without stoppages due to lack of raw material, a 7-hour supply of 
raw milk must be available. 

Preferably the milk should have been stored for at least 1 — 2 hours be- 
fore being processed, as natural degassing of the milk takes place during 
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According to regulations set by 

the European Communities the 

heat treatment equipment must 

be approved or authorised by 

the competent authority and at 

least fitted with 

e automatic temperature 
control 

e recording thermometer 

e automatic safety device 
preventing insufficient heating 

e adequate safety system 
preventing the mixture of 
pasteurised or sterilised milk 
with incompletely heated milk 

and 

e automatic recording device 
for the safety system referred 
to in the preceding intent. 


Legal requirements for: 

e Heat treatment 

e Recording 

e Clarification prior to 
heat treatment 

e Preventing reinfection 


191 


that period of time. Short periods of agitation are acceptable, but agitation 
is not really needed until about 5 — 10 minutes before start of emptying, to 
equalise the overall quality. This avoids interference with the natural degas- 
sing process. 


Plate heat exchanger 


The main aim of pasteurising milk is to destroy pathogenic micro-organ- 
isms. To achieve this, the milk is normally heated to not less than 72°C for 
at least 15 seconds and then cooled rapidly. These parameters are stipula- 
ted by law in many countries. 

When the relevant parameters are known, the platage (dimensioning) of 
the plate heat exchanger can be calculated. In the present example, the 
parameters are: 


e Plant capacity 20 000 I/h 

e Temperature programme 4°C — 72°C - 4°C 
e Regenerative effect 94% 

e Temperature of the heating medium 74 -75°C 

e Temperature of the coolant +2°C 


The demand for service media (steam, water and ice-water) is also calculat- 
ed, as this substantially influences the choice of valves for steam regulation 
and ice-water feed. 

Connection plates between the sections of the plate heat exchanger are 
provided with inlets and outlets for product and service media. The inlet and 
outlet connections can be oriented either vertically or horizontally. The ends 
of the plate heat exchanger (frame and pressure plate) can likewise be fitted 
with inlets and outlets. 

Dimensioning data for the plate heat exchanger are given in chapter 6.1. 


Hot water heating systems 
Hot water or saturated steam at atmospheric pressure can be used as the 
heating medium in pasteurisers. Hot steam, however, is not used because 
of the high differential temperature. The most commonly used heating medi- 
um is therefore hot water typically about 2 - 3°C higher than the required 
temperature of the product. 

Steam is delivered from the dairy boiler at a pressure of GOO — 700 kPa 
(6 - 7 bar). This steam is used to heat water, which in turn heats the prod- 
uct to pasteurisation temperature. 

The water heater in figure 7.2 is a closed system consisting of a specially 
designed, compact and simple cassette type of plate heat exchanger (3) 
equipped with a steam regulating valve (2) and a steam trap (4). The service 


Steam shut-off valve 
Steam regulating valve 
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Fig. 7.2 Principle of the hot water system connected to a pasteuriser. 
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water is circulated by the centrifugal pump (5) via the heater (3) and the 
heating section of the pasteuriser. 

The function of the expansion vessel (7) is to compensate for the in- 
crease in the volume of the water that takes place when it is heated. The 
system also includes pressure and temperature indicators as well as safety 
and ventilation valves (8). 


Temperature control 
A constant pasteurisation temperature is maintained by a temperature con- 
troller acting on the steam regulating valve (ref. 2 in figure 7.2). Any tenden- 
cy for the product temperature to drop is immediately detected by a sensor 
in the product line before the holding tube. The sensor then changes the 
signal to the controller, which opens the steam regulating valve to supply <= 
more steam to the water. This increases the temperature of the circulating 
water and stops the temperature drop in the product. 


Holding 


The length and size of the externally located holding tube are calculated 
according to the known holding time and hourly capacity of the plant and Fig. 7.3 Automatic temperature control 
the pipe dimension, typically the same as for the pipes feeding the pasteuri- loop. 

sation plant. Dimensioning data for the holding tube are given in chapter 
6.1. Typically the holding tube is covered by a stainless steel hood to pre- 
venting people from being burnt when touching and from radiation as well. 


> 


TT Temperature transmitter 
1 Holding tube 

2 Booster pump 

3 Diversion valve 


m Product 
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Pasteurisation control 


It is essential to be certain that the milk has in fact been properly pasteur- 
ised before it leaves the plate heat exchanger. If the temperature drops Heating medium 
below 72°C, the unpasteurised milk must be kept apart from the already Cooling medium 
pasteurised product. To accomplish this, a temperature transmitter and flow ———___ Diverted flow 
diversion valve are fitted in the pipe downstream of the holding tube. The 

valve returns unpasteurised milk to the balance tank if the temperature 

transmitter detects that the milk passing it has not been sufficently heated. 


Pasteuriser cooling system 
As already noted, the product is cooled mainly by regenerative heat 
exchange. The maximum practical efficiency of regeneration is 
about 94 - 95%, which means that the lowest temperature ob- 
tained by regenerative cooling is about 8 — 9°C. Chilling the milk 
to 4°C for storage therefore requires a cooling medium witha «= 
temperature of about 2°C. Ice water can only be used if the final 
temperature is above 3 — 4°C. For lower temperatures it is nec- 
essary to use brine or alcohol solutions to avoid the risk of freez- 
ing cooling media. 
The coolant is circulated from the dairy refrigeration plant to the point 
of use as shown in figure 7.4. The flow of coolant to the pasteuriser cooling 
section is controlled to maintain a constant product outlet temperature. This Fig. 7.4 Cooling system for pasteuriser. 
is done by a regulating circuit consisting of a temperature transmitter in the 
outgoing product line, a temperature controller in the control panel and a 
regulating valve in the coolant supply line. The position of the regulating mus Product 
valve is altered by the controller in response to signals from the transmitter. mum Heating medium 
The signal from the transmitter is directly proportional to the temperature === Cooling medium 
of the product leaving the pasteuriser. This signal is often connected to a 
temperature recorder in the control panel and recorded on a graph, togeth- 
er with the pasteurisation temperature and the position of the flow diversion 
valve. 


TT Temperature transmitter 


Booster pump to prevent reinfection 

Care must be taken to avoid any risk of contamination of the pasteurised 
product by unpasteurised product or cooling medium. If any leakage should 
occur in the pasteuriser, it must be in the direction from pasteurised product 
to unpasteurised product or cooling medium. 
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Fig. 7.5 The complete pasteuriser plant 
consists of: 
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This means that the pasteurised product must be under higher pressure 
than the medium on the other side of the heat exchanger plates. A booster 
pump, ref. 2 in figure 7.3, is therefore installed in the product line, either 
after the holding section or before the heating section. The latter position 
minimises the operating temperature of the pump and prolongs its life. The 
pump increases the pressure and maintains a positive differential pressure 
on the pasteurised product side, throughout the regenerative and cooling 
sections of the pasteuriser. 

Installation of a booster pump is specified in the legal requirements for 
pasteurisation in some countries. 


The complete pasteuriser 


A modern milk pasteuriser, complete with equipment for operation, supervi- 
sion and control of the process, is assembled of matching components into 
a sophisticated process unit. 


Balance tank 


The float-controlled inlet valve regulates the flow of milk and maintains a 
constant level in the balance tank. If the supply of milk is interrupted, the 
level will begin to drop. 

As the pasteuriser must be full at all times during operation to prevent 
the product from burning on to the plates, the balance tank is often fitted 
with a low-level electrode which transmits a signal as soon as the level 
reaches the minimum point. This signal actuates the flow diversion valve, 
which returns the product to the balance tank. 

The milk is replaced by water and the pasteuriser shuts down when 
circulation has continued for a certain time. 


Feed pump 

The feed pump supplies 
the pasteuriser with milk 
from the balance tank, 
which provides a constant 
head. 


meee Cold water 
mum /Ce water 
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Flow controller 


The flow controller maintains the flow through the pasteuriser at the correct 
value. This guarantees stable temperature control and a constant length of 
the holding time for the required pasteurisation effect. Often the flow con- 
troller is located after the first regenerative section. 


Regenerative preheating 

The cold untreated milk is pumped through the first section in the pasteuris- 
er, the preheating section. Here it is regeneratively heated with pasteurised 
milk, which is cooled at the same time. 

If the milk is to be treated at a temperature between the inlet and outlet 
temperatures of the regenerative section, for example clarification at 55°C, 
the regenerative section is divided into two sections. The first section is 
dimensioned so that the milk leaves at the required temperature of 55°C. 
After being clarified the milk returns to the pasteuriser, which completes the 
regenerative preheating in the second section. 


Pasteurisation 

Final heating to pasteurisation temperature with hot water, normally of a 
temperature 2 — 3°C higher than the pasteurisation temperature (A, = 2 — 
3°C), takes place in the heating section. The hot milk continues to an exter- 
nal tubular holding cell. After the hold, the temperature of the milk is 
checked by a sensor in the line. It transmits a continuous signal to the tem- 
perature controller in the control panel. The same signal is also transmitted 
to a recording instrument which records the pasteurisation temperature. 


Flow diversion 

A sensor after the holding cell transmits a signal to the temperature monitor. 
As soon as this signal falls below a preset value, corresponding to a speci- 
fied minimum temperature, the monitor switches the flow diversion valve to 
diversion flow. In many plants the position of the flow diversion valve is 
recorded together with the pasteurisation temperature. 

For the location of the flow diversion valve, various solutions are available 
to satisfy local regulations and recommendations. Below are three alterna- 
tives which are commonly utilised: 

1 The flow diversion valve is situated just after the holding cell. Where a 
booster pump is installed, the valve is located before the pump. If the tem- 
perature drops under preset level the valve diverts the flow to the balance 
tank and the pump stops. The flow in the regenerative and cooling sections 
thus comes to a standstill (even when no booster pump is integrated). 

After a short while, without temperature increase, the heat exchanger is 
emptied, cleaned and sanitised. When satisfactory heating is possible the 
plant is restarted. 

2 The flow diversion valve is located after the cooling section of the plant. 
Following a drop of temperature the flow is diverted to the balance tank and 
the plant is emptied of product, cleaned and sanitised. The plant is then 
ready for restart when the temperature conditions are acceptable again. 

3 The flow diversion valve is located between the holding cell and the 
boster pump. If the temperature drops the valve diverts the flow. The boost- 
er pump is not stopped, but other valves around the heat exchanger will 
automatically be positioned so that the milk in the regenerative and cooling 
sections will be circulated to maintain the right pressure in the plant. This 
also preserves a proper temperature balance. When the heating conditions 
are acceptable the process can be resumed without intermediate cleaning. 


Cooling 

After the holding section the milk is returned to the regenerative section(s) 
for cooling. Here the pasteurised milk gives up its heat to the cold incoming 
milk. The outgoing pasteurised milk is then chilled with cold water, ice- 
water, a glycol solution or some other refrigerant, depending on the required 
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The regenerative energy-saving 
effect is in a milk pasteuriser 
typically between 90 and 96%. 
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Fig. 7.6 Bowl of a centrifugal clarifier. 
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Fig. 7.7 Product velocity and flow rate 
graph. 
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Fig. 7.8 Velocity profile diagrams for 
laminar and turbulent flows. 
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temperature. The temperature of the chilled milk is normally recorded to- 
gether with the pasteurisation temperature and the position of the flow 
diversion valve. The graph consequently shows three curves. 


Centrifugal clarifier 
As the milk in the present example is not going to be separated into skim- 
milk and cream, a centrifugal clarifier is shown in figure 7.6. 

Some dairies specify centrifugal clarification of cold (<6°C) raw milk im- 
mediately after arrival at the dairy, especially when the milk is going to be 
stored until the next day. However, clarification at about 55°C is much more 
efficient because the viscosity of the milk is lower at that temperature. 

The milk feeding the clarifier is therefore taken from the first regenerative 
heating section at 55°C. 


Design of piping system 

In the example in this chapter, 20 000 litres of milk per hour have to pass 
through pipes, fittings and process equipment during production. The prod- 
uct velocity through the pipes is determined by the size of the passage, i.e. 
the inside diameter of the pipe. The larger the diameter, the lower the prod- 
uct velocity. 

For a flow rate of 20 000 litres per hour, the product velocity in a 76 mm 
(3") pipe will be 1.25 m/s. The velocity will be 2.75 m/s if a 51 mm (2") pipe 
is selected. 

Higher velocities result in greater friction in the liquid itself and between 
the liquid and the pipe wall. Consequently there is more mechanical treat- 
ment of the product. For each product there is an upper velocity limit that 
should not be exceeded if quality demands are to be met. For milk this 
velocity is about 1.8 m/s. 

It might then seem reasonable to choose a larger pipe size than the 
minimum required by velocity considerations. But larger pipes mean larger 
components and greatly increased costs. The diameter nearest the limit is 
therefore chosen. In our case this is 2.5" (63.5 mm), which corresponds to 
a velocity of 1.75 m/s, which can be seen in figure 7.7. 


Laminar and turbulent flows 


Laminar flow is a type of flow in which the particles maintain a continuous, 
steady motion along parallel paths. This type of flow occurs, for example, in 
straight, round pipes or between parallel walls at low velocities. 

On the other hand, in turbulent flow the particles have an erratic motion 
and intermix intensively with each other. 

The length of a line represents the mean velocity of the particles at vari- 
ous points in the section through the passage as illustrated in figure 7.8. In 
laminar flow, the velocity is greatest at the centre of the passage. Due to the 
friction between the layers, the velocity slows progressively towards the 
walls, where it is zero. 

In turbulent flow the layers intermix and therefore the velocity of the liquid 
is roughly the same in the central part of the passage, but drops rapidly 
towards the walls. On the walls a very thin laminar layer of the liquid has 
zero instantaneous velocity. 

To obtain laminar flow in a round pipe, the diameter must be small, the 
velocity low and the viscosity of the liquid high. 


Flow resistance 

Every component in the line offers resistance to the flow when a liquid is 
forced through a pipe system. In straight pipes the resistance is due to 
friction between the liquid and the walls. In bends, additional friction occurs 
from the liquid having to change direction. In the same way friction, chang- 
es of direction and changes of section result in resistance in fittings, valves 
and process equipment. The magnitude of this resistance is relative to the 
velocity of the liquid in the system. 
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The resistance of each component in the line can be obtained from the 
resistance coefficient given by the manufacturer. The total resistance of the 
line can then be calculated by multiplying the sum of the coefficients by the 
square of the flow velocity and dividing the result by 2 g (g = the accelera- 
tion due to gravity = 9.81 m/s?). 

Example: The product velocity in a pipe system is 1.75 m/s (pipe diame- 
ter 2.5" and flow rate 20 000 litres/hour). The sum of the resistance coeffi- 
cients amounts to 190. The flow resistance will be: 


1.75 x 1.75 x 190 
2x 9.81 


= 29.7 metres liquid column or head 


Flow resistance is expressed in terms of the liquid column, or head, needed 
to compensate for the loss of pressure due to the resistance. This way of 
reckoning dates back to the original application of pumping, which was to 
lift water from a low level to a higher level, e.g. from a mine shaft to ground 
level. The performance of the pump was judged by the height to which it 
could lift the water. In our case the total resistance in the pipe system is 
equivalent to the work done by a pump lifting a liquid 30 metres vertically. 
This also means that a column of water 30 metres high would exert 
enough pressure to overcome the flow resistance, as illustrated in figure 


Fig. 7.10 Pressure drop can be shown by pressure guages in the process line. 


Pressure drop 


The flow resistance of a liquid in a component results in a loss of pressure. 
If the pressure is measured with a pressure gauge (figure 7.10) before and 
after the component, the pressure will be lower on the discharge side. The 
component, for instance a shut-off valve, causes a pressure drop in the line. 
This pressure drop, measured in terms of head, is equivalent to the resis- 
tance in the component and the magnitude depends on the velocity, in 
other words the flow rate and the size of the pipes. 

The pressure drop of a component is often stated as the loss of head in 
metres for different flow rates instead of the resistance coefficient. The 
graph in figure 7.11 covers flow rates from 5 000 litres/hour for the smallest 
pipe diameter, 1.5" (38 mm), to 200 000 litres/hour for the largest, 4" (101.6 
mm) shut-off valve. 

For a flow rate of 20 000 litres/hour and a pipe size of 2.5" (63.5 mm), a 
velocity of 1.75 m/s, the graph indicates a pressure drop, or loss of head, of 
0.4 metre over the fully open valve. 

The pressure drop over each of the components in the line for a given 
flow rate can be determined in the same way. These values, added togeth- 
er, then give the total pressure drop for the system. 

Every component in the line should be dimensioned to cause the lowest 
possible pressure drop. A pressure drop involves an increase in flow veloci- 
ty, either in the form of turbulence or by local acceleration through passa- 
ges. Higher velocities result in increased friction at the surfaces of the pipe 
and other equipment and greater forces in bends, etc. This increases the 
mechanical treatment of the product. 
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Fig. 7.9 Process line illustrating the 
example with a 30-metre head between 
tank and process. 
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Fig. 7.11 Pressure-drop graph for a 
shut-off valve. 
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In the case of milk this may lead to breakage of the fat globules, expos- 
ing the released fat to attack by lipase enzymes. Eventually the resulting 
high content of free fatty acids affects the flavour of the milk adversely. This 
problem is aggravated if air is present during the mechanical treatment of 
the product. This can occur if air is sucked in through leaking unions. For 
other products, such as yoghurt, the treatment of the product must be 
particularly gentle. The greatest care must be taken in the selection of com- 
ponents as well as in the dimensioning and design of the process line. 

The size of the pipes in a system must be such that the velocity of the 
liquid does not exceed the critical value for the product (1.8 m/s for milk, 
lower for some other dairy products). The number of valves in the line 
should be kept to a minimum and the pressure drop across them should be 
as low as possible. They should also be placed so that unnecessary chan- 
ges of direction are avoided. 


Process control equipment 

To ensure trouble-free operation and achieve the desired product quality, it 

is necessary to maintain quantities such as liquid levels, flows, tempera- 
tures, pressures, concentrations and pH val- 


Controller ues at certain predetermined magnitudes. The 


E] 
Pressure @ i Pressure 


indicator 2” dL transmitter 


Product 


Fig. 7.12 Control loop for pressure 
control, consisting of a transmitter, a 
controller and a pneumaticly controlled 
regulating valve. 
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A equipment for monitoring and controlling 
: these parameters comprises various types of 
HY, Regulating transmitters, controllers and control equip- 
ij valve ni In figure 7.12 a control loop is illustrat- 
= ed. 

=P The transmitter is a sensing element which 
measures the actual quantity. Its design and 
function vary according to requirements. 
Some examples are temperature, pressure 
and pH transmitters. The transmitter converts 
the measured value to a pneumatic or electric 
signal of corresponding strength. The signal is transmitted to a controller, 
which is informed of the instantaneous value of the quantity. This value is 
also known as the measured value. 

The control device is basically an adjusting device. It is fitted in the pro- 
cess line and can be a variable-speed pump motor or a regulating valve. 
The setting of the regulating device — the motor speed or valve plug position 
— determines the magnitude of the quantity it is controlling. The control 
device is continuously supplied with a signal (pneumatic or electric) from a 
controller and the strength of this signal determines the setting of the regu- 
lating device. 

The controller is the “brain” of the control system. It receives the signal 
from the transmitter and is thereby continuously informed about the meas- 
ured value of the quantity in question. The controller then compares this 
with a preset reference or setpoint value. The regulator setting is correct if 
the two values are the same. 

If the measured value changes, the signal from the transmitter changes 
accordingly. The measured value no longer equals the required value, and 
the controller alters its signal to the control device accordingly. As a result, 
the position setting of the control device is adjusted (speed or valve posi- 
tion) to suit. The transmitter immediately senses the change in quantity and 
transmits this information to the controller. This cycle of comparison and 
correction — the control loop — is repeated until the measured quantity is 
once again at the preset value. 


Transmitters 

Transmitters in control systems vary considerably in design and function. 
Some transmitters react directly to changes in the measured value. In the 
pressure transmitter, figure 7.13, the pressure of the product on a mem- 
brane is transferred, via a capillary pipe, to the sensor. The sensor transmits 
an electrical signal that is directly proportional to the product pressure. The 
float type level controller, often used in tanks, is another example of a direct 
control device. 
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Table 7.1 
Variations in resistance with temperature 


according toa given characteristic. 


Temp. Resistance 
°C Q 
(8) 100.00 
10 103.90 
20 107.79 
30 111.67 
40 115.54 
50 119.40 
60 123.24 
80 130.89 
100 138.50 


Most transmitters, however, operate indirectly. They measure the chang- 
es in another physical quantity that has a constant relation to the quantity to 
be controlled. This type of transmitter has been shown previously in con- 
nection with the transport of liquid through the line. The required flow rate is 
maintained by measuring the pressure of the product at the pump outlet 
and keeping it constant. 

The above-mentioned pressure transmitter can also be used to measure 
the level in a tank. Installed in the bottom of a tank, it senses the static 
pressure of the liquid column above the diaphragm. This pressure is propor- 
tional to the depth of the liquid. An electric signal is transmitted to an instru- 
ment which indicates the level. 

Many types of transmitters utilise the fact that the electrical resistance of 
metals varies with temperature in a characteristic manner. One such trans- 
mitter is the common temperature transmitter, figure 7.14. A wire of plati- 
num, nickel or other metal is mounted in a protective tube, which is inserted 
in the line so that it is heated by the liquid. Table 7.1 shows the resistance 
values of a platinum wire at various temperatures. 

The resistance can be measured by connecting the metal wire to an 
electrical circuit. Any change in the resistance will correspond to a given 
change in temperature, and the temperature of the product can therefore 
be determined. 

The transmitters described above are those most often used in dairies. 
There are, however, many other types. 


Controllers 

The controller in figure 7.15 is the brain of the temperature control system 
and the controller is also available in many different forms. According to a 
previous definition, it is a device that continuously compares the measured 
value with a reference or preset (Setpoint) value. Any differential causes the 
controller to transmit a corrective signal to the regulating unit, which then 
alters its setting accordingly. The corrective process continues until the 
measured value and the setpoint value coincide again. 

The controller may be of pneumatic or electric type. If the transmitter is 
pneumatic and the controller electric, or vice versa, the signals have to go 
via a pneumatic/electric converter. 

On common controllers there is a knob for setting the required value, 
which is indicated by a pointer on the scale. The measured value, the out- 
put from the transmitter, can be read on the scale at all times. There is also 
a scale showing the output signal to the regulating device. 

When set to automatic operation, the instrument needs no manual ad- 
justment. It can be switched to manual control, and then operated by 
means of a knob. The controller setting is indicated on the output signal 
scale. 
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Fig. 7.13 Pressure transmitter 
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Fig. 7.14 Resistance type temperature 
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Fig. 7.15 Controller 
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Fig. 7.16 Pneumatic regulating valve. 
1 Visual position indicator 


2 Connection for electrical signal 
3 Connection for compressed air 
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Some controllers have a switch function. This means that they can be 
set to emit a special signal at a given maximum or minimum value. This 
signal can be amplified and used to execute a change in the process. 

In our process we wanted the flow diversion valve to recirculate the flow 
if the temperature at the outlet of the heat exchanger holding section should 
drop below 72°C. A separate preset temperature switch is normally used to 
monitor the pasteurising temperature. 

This switch is connected to the temperature controller and transmits a 
signal via a built-in relay when the temperature drops below the set value. If 
the switch is set to operate at 71.9 °C, it will signal as soon as the product 
temperature drops to this value. The signal goes via the controller to the 
solenoid valve which controls the air supply to the flow diversion valve. The 
solenoid valve then breaks the air supply and the valve switches from “for- 
ward flow” to “diversion flow”. 


The regulating device 

The controller-actuated setting of the regulator determines the magnitude of 
the quantity in question. The regulating device may be a variable speed 
pump. In that case the output signal from the controller adjusts the speed 
of the pump so that the required flow is obtained. However, the most com- 
mon form of regulating device in dairies is the regulating valve. 

A pneumatic regulating valve, shown in figure 7.16, consists primarily of 
a body with a seat for the plug, which is attached to the lower end of the 
stem. The valve is operated between the open and closed positions by 
adjusting the difference in pressure between the upper and lower sides of 
the piston. The actuator has a double-acting piston. When the pressure is 
higher on the lower side, the piston moves upwards, lifting the plug from its 
seat. A higher pressure on top of the piston closes the valve. 

Actuation is essentially as follows: pneumatic signals from a controller 
are supplied to a proportioning device, a positioner, at the top of the valve. 
This positioner ensures that the position of the plug, in relation to the seat, 
is always proportional to the strength of the controller signal. When the 
signal corresponds to the preset value, the positioner balances the pres- 
sures on either side of the piston so that the position of the plug remains 
constant. In this balanced condition the pressure drop over the valve is 
exactly that required, and the measured value, registered by the transmitter, 
coincides with the preset value. 

Should the product pressure drop, the transmitter reduces its signal to 
the controller. As the measured value now no longer coincides with the 
preset value, the controller reacts by increasing its signal to the valve actua- 
tor. The positioner then increases the pressure on the upper side of the 
piston, moving the plug towards the seat. The resulting increase in the valve 
flow resistance increases the product pressure and the reverse cycle of 
operations is initiated, retarding the downward movement of the piston. 
When the pressure in the line has regained the preset value, the positioner 
again holds the valve piston in balance. 


Automatic temperature control 

In the automatic temperature control system, the thermometer is a resis- 
tance-type temperature transmitter fitted in the product line. The control 
device is a pneumatically operated regulating valve in the steam line. It is 
controlled by a pneumatic controller located in the process control panel. 
The required value is set on the controller which then, via the valve, adjusts 
the steam supply to the heat exchanger so that the measured value always 
equals the preset value of 72°C. 
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Chapter 


Pasteurised milk products 


Pasteurised milk products are liquid products made from milk and cream 
intended to be used directly by consumers. This group of products in- 
cludes whole milk, skimmilk, standardised milk, and various types of 
cream. 

Cultured products are also included in this category, but as these are 
made with special bacteria cultures they are dealt with separately under 
chapter 11, “Cultured milk products”. 

All the building blocks described in chapter 6 are, in principle, used in 
the processing of pasteurised milk products. 
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In most countries clarification, pasteurisation and chilling are compulsory 
stages in the processing of consumer milk products. In many countries the 
fat is routinely homogenised, while in others homogenisation is omitted 
because a good “cream-line” is regarded as evidence of quality. De-aeration 
is practiced in certain cases when the milk has a high air content, and also 
when highly volatile off-flavour substances are present in the product. This 
may occur for example if cattle feed contains plants of the onion family. 

Processing of market milk products requires first-class raw material and 
correctly designed process lines if end products of highest quality are to be 
attained. Gentle handling must be ensured so that the valuable constituents 
are not adversely affected. 

As to milk quality, the microbiological standards for intra-Community 
trade in milk within Europe, set by the Council of the European Union (EU) 
to safeguard human and animal health, are shown in Table 8. 1. 


Table 8.1 
EU standards for bacteria count in milk, 


in force from 1 January 1993 


Product Plate count (CFU/ml) 
Raw milk < 100 000 

Raw milk stored in silo at the 

dairy for more than 36 hours < 200 000 
Pasteurised milk < 30 000 
Pasteurised milk after incubation 

for 5 days at 8°C < 100 000 

UHT and sterilised milk after 

incubation for 15 days at 30°C <10 


CFU = Colony Forming Units 


Another measure of raw milk quality is the amount of somatic cells that can 
be tolerated in raw milk. Somatic cell count is used as a criterion for ascer- 
taining abnormal milk. Generally the EU directive states that milk is con- 
sidered normal at somatic cell counts of 250 000 to 500 000 somatic cells 
per ml. This standard has been tightened from January 1994; raw milk 
intended for intra-community trade must not contain more than 400 000 
somatic cells per ml. 


Processing of 
pasteurised market milk 


Depending on legislation and regulations, the design of process lines for 
pasteurised market milk varies a great deal from country to country and 
even from dairy to dairy. For instance, fat standardisation (if applied) may be 
pre-standardisation, post-standardisation or direct standardisation. Homo- 
genisation may be total or partial, etc. 

The “simplest” process is just to pasteurise the whole milk. Here the 
process line consists of a pasteuriser, a buffer tank and a filling machine. 
The process becomes more complicated if it has to produce several types 
of market milk products, i.e. whole milk, skimmilk and standardised milk of 
various fat contents as well as cream of various fat contents. 
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The following assumptions apply to the plant described below: 
e Raw milk 

— fat content 3.8% 

— temperature +4°C 
e Standardised milk 

— fat content 3.0% 

— temperature +4°C 
e Standardised cream 

— fat content 40% 

— temperature +5°C 
e Plant capacity 

— 20,000 | per hour 

— 7 hours per day 
Figure 8.1 shows a typical process flow in a market milk line. The milk en- 
ters the plant via balance tank (1) and is pumped to plate heat exchanger 
(4), where it is preheated before it continues to separator (5), which produ- 
ces skimmilk and cream. 


on Vik 

nus: Cream 

nom Skimmilk 

mmm Standardised milk 

m Heating medium 

=e Cooling medium 
Diverted flow 


The standardisation of market milk takes place in an in-line system of the 
type already described in chapter 6.2. The fat content of the cream from the 
separator is set to the required level and is then maintained at that level, 
regardless of moderate variations in the fat content and in the flow rate of 
the incoming milk. The fat content of the cream is usually set at 35 to 40% 
for whipping cream, but can be set at other levels, e.g. for production of 
butter or other types of cream. Once set, the fat content of the cream is 
kept constant by the control system, consisting of flow transmitter (7), den- 
sity transmitter (8), regulating valves (9) and the control system for the 
standardisation system. 
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Fig. 8.1 Production line for market 
milk with partial homogenisation. 
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The purpose of standardisation 
is to give the milk a defined, 
guaranteed fat content. 
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In this example partial homogenisation is used, i.e. only the cream is 
treated. The reason for choosing this system is that it can manage with a 
smaller homogeniser (12) and thus consume less power while still maintain- 
ing a good homogenisation effect. 

The working principle of the system, also described in chapter 6.3, will 
be: After passage of the standardisation device the flow of cream is divided 
into two streams. One, with the adequate hourly volume to give the market 
milk the required final fat content, is routed to the homogeniser and the 
other, the surplus cream, is passed to the cream treatment plant. As the fat 
content of the cream to be homogenised should be max. 10%, the ordinary 
cream of, say 40%, must be "diluted" with skimmilk prior to homogenisa- 
tion. The capacity of the homogeniser is carefully calculated and fixed at a 
certain flow rate. 

In a partial homogenisation arrangement the homogeniser is also con- 
nected with the skimmilk line so that it always has enough product for prop- 
er operation. In that way, the relatively low flow of cream is compensated 
with skimmilk up to the rated capacity. Following homogenisation, the 10% 
cream is eventually mixed in-line with the surplus volume of skimmilk to 
achieve 3% before pasteurisation. The milk, now with standardised fat con- 
tent, is pumped to the heating section of the milk heat exchanger where it is 
pasteurised. The necessary holding time is provided by a separate holding 
tube (14). The pasteurisation temperature is recorded continuously. 

Pump (13) is a booster pump which increases the pressure of the prod- 
uct to a level at which the pasteurised product cannot be contaminated by 
untreated milk or by the cooling medium if a leak should occur in the plate 
heat exchanger. 

If the pasteurisation temperature should drop, this is sensed by a tem- 
perature transmitter. A signal activates flow diversion valve (15) and the milk 
flows back to the balance tank. See also chapter 7. 

After pasteurisation the milk continues to a cooling section in the heat 
exchanger, where it is regeneratively cooled by the incoming untreated milk, 
and then to the cooling section where it is cooled with ice water. The cold 
milk is then pumped to the filling machines. 


Standardisation 
The purpose of standardisation is to give the milk a defined, guaranteed fat 
content. The level varies considerably from one country to another. Com- 
mon values are 1.5% for low-fat milk and 3% for regular-grade milk, but fat 
contents as low as 0.1 and 0.5 % also occur. The fat is a very important 
economic factor. Consequently, the standardisation of milk and cream must 
be carried out with great accuracy. 

Some options applicable to continuous fat standardisation are discussed 
in chapter 6.2, “Centrifugal machines and milk fat standardisation systems’. 


Pasteurisation 


Along with correct cooling, pasteurisation is one of the most important 
processes in the treatment of milk. If carried out correctly, these processes 
will supply milk with longer shelf life. 

Temperature and pasteurisation time are very important factors which 
must be specified precisely in relation to the quality of the milk and its shelf- 
life requirements, etc. The pasteurisation temperature for homogenised, 
HTST pasteurised, regular-grade milk is usually 72 — 75°C for 15 — 20 sec. 

The pasteurisation process may vary from one country to another ac- 
cording to national legislation. A common requirement in all countries is that 
the heat treatment must guarantee the destruction of unwanted micro- 
organisms and of all pathogenic bacteria without the product being dam- 
aged. 


Homogenisation 


Homogenisation has already been discussed in chapter 6.3. The purpose of 
homogenisation is to disintegrate or finely distribute the fat globules in the 
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milk in order to reduce creaming. Homogenisation may be total or partial. 
Partial homogenisation is a more economical solution, because a smaller 
homogeniser can be used. 


Determining homogenisation efficiency 
Homogenisation must always be sufficiently efficient to prevent creaming. 

The result can be checked by determining the homogenisation index, 
which can be found in the manner decsribed in the following example: 

A sample of milk is stored in a graduated measuring glass for 48 hours 
at a temperature of 4 — 6°C. The top layer (1/10 of the volume) is siphoned 
off and the remaining volume (9/10) is thoroughly mixed, and the fat content 
of each fraction is then determined. The difference in fat content between 
the top and bottom layers, expressed as a percentage of the top layer, is 
referred to as the homogenisation index. 

An example: If the fat content is 3.15% in the top layer and 2.9% in the 
bottom layer, the homogenisation index will be (3.15 — 2.9) x 100: 3.15 = 
7.9. The index for homogenised milk should be in the range of 1 to 10. 


Quality maintenance of pasteurised 
milk 


Due to its composition, milk is highly susceptible to bacterial and chemical 
(copper, iron, etc.) contamination as well as to the effects of exposure to 
light, particularly when it is homogenised. 

It is therefore most important to provide good cleaning (CIP) facilities for 
the plant and to use detergents, sanitisers and water of high quality. 

Once packed, the product must be protected from light — both daylight 
and artificial light. Light has a detrimental effect on many nutrients. It can 
also affect the taste. 


Table 8.2 
Losses of taste and vitamins at an exposure of 1 500 Lux 


Carton Bottle 
Taste Vitamin Vitamin Hours Taste Vitamin Vitamin 
Cc B, Cc B, 

-1 % 2 -10% -10% 
- 1.5% 3 little -15% -15% 
-2 % 4 evident -20% -18% 
-2.5% 5 strong -25% -20% 
- 2.8% 6 strong -28% -25% 
-3 % 8 strong -30% -30% 

no loss -3.8% no loss 12 strong -38% -35% 


Measured by the Dairy Science Institute at the Justus Liebig University in Giessen, Germany, in 1988. 


Sunlight flavour originates from the protein in milk. Exposure to light 
degrades the amino acid methionine to methional. Ascorbic acid (vitamin C) 
and riboflavin (vitamin B,) play a significant part in the process, and oxygen 
must also be present. Methional has a characteristic taste; some people 
compare it to cardboard, others to emery. This flavour does not occur in 
sterilised milk, which is always homogenised, probably because vitamin C is 
degraded by heat and the S - H components of the whey proteins undergo 
chemical changes. 

Table 8.2 shows the influence of light on pasteurised milk in a transpar- 
ent glass bottle and in a carton. The first vitamin losses take place when 
the milk in the transparent glass bottle has been exposed to 1500 Lux — an 
average lighting value — for only two hours. In the opaque carton there is 
only a minor loss. 


Dairy Processing Handbook/chapter 8 


205 


Fig. 8.2 Milk processing 
including a microfiltra- 
tion, MF, plant. 


After 4 hours’ exposure there is already an evident change of flavour in 
bottled milk, but not in the cartoned product. 


Shelf life of pasteurised milk 


The shelf life of pasteurised milk is basically and always dependent on the 
quality of the raw milk. Naturally it is also most important that production 
conditions are technically and hygienically optimised, and that the plant is 
properly managed. 

When produced from raw milk of sufficiently high quality and under good 
technical and hygienic conditions, ordinary pasteurised milk should have a 
shelf life of 8 - 10 days at 5 — 7°C in an unopened package. 

The shelf life can however be drastically shortened if the raw milk is con- 
taminated with micro-organisms such as species of Pseudomonas that 
form heat-resistant enzyme systems (lipases and proteases), and/or with 
heat-resistant bacilli such as B. cereus and B. subtilis which survive pas- 
teurisation in the spore state. 

To improve the bacteriological status of pasteurised milk and thereby 
safeguard or even prolong its shelf life, the pasteurisation plant can be sup- 
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The bactofugation process is based on centrifugal separation of micro- 
organisms; although the reduction effect of two-stage centrifugation on 
bacteria spores is up to >99 % (see chapter 14, Cheese), this is not consid- 
ered good enough for pasteurised market milk if extended shelf life at up to 
7°C is required. 
Reduction effects of up to 99.5 — 99.99% on bacteria and spores can be 
achieved with microfilter membranes of pore sizes of 1.4 um or less. A 
general flowchart for milk treatment including microfiltration is illustrated in 
figure 8.2. 
206 
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Since the small pore sizes needed for effective retention of bacteria and 
spores also trap milk fat globules, the MF module is fed with skimmilk. In 
addition to the MF unit the plant contains a high temperature treatment unit 
for the mixture of the cream phase and bacteria concentrate (retentate), 
which after heat treatment is remixed with the permeate, the processed 
skimmilk phase. 

The cream and retentate phase are sterilised at about 130°C for a 
couple of seconds. After re-mixing with the microfiltered skimmilk phase, 


the product is homogenised and finally pasteurised at 72°C for 15 — 20 The shelf life of pasteurised 
seconds and cooled to +4°C. milk is basically and always 

The plant shown in figure 8.2 can handle up to 10 000 litres of raw milk dependent on the quality of the 
per hour. After separation, the skimmilk is routed to the MF module. Part of raw milk. 


the cream, typically of 40% fat content, is remixed with the skimmilk to 
produce fat-standardised pasteurised market milk while the surplus cream 
is separately processed. The proportions of remixed and surplus cream 
depend on the specified fat content of the market milk. 

About 5% of the feed leaves the MF module as retentate, the bacteria- 
rich phase. The total solids content of the retentate averages 9 — 10%, of 
which some 3.9% is protein (including protein from the micro-organisms) 
and some 0.25% fat. 

In the plant shown here the whole milk flow is homogenised, but partial 
homogenisation is also possible. 

Milk treated in this way will keep its fresh flavour and white colour. More- 
over, if strictly hygienic conditions are maintained in the plant, from recep- 
tion of the raw milk up to and including the packaging and filling system, the 
foundation of a long shelf life is laid. If the milk is kept at a temperature of 
not more than 7°C during the whole chain from the dairy via the retailer to 
the consumer, it is possible to attain a shelf life of up to 40 — 45 days in an 
unopened package. 


“ESL” milk 


The term “Extended Shelf Life”, ESL, is frequently applied in Canada and 
the USA to fresh liquid products of good keeping quality at +7°C and be- 
low. The expression ESL and the idea behind it have now also spread to 
Europe and other continents. 

There is no single definition of ESL, as it is a concept involving many 
factors. What it means in essence is the ability to extend the shelf life of a 
product beyond its traditional life by reducing the major sources of reinfec- 
tion and maintaining the quality of the product all the way to the consumer. 

A typical temperature/time program is 125 — 130°C for 2 — 4 seconds. 
This type of heat treatment is also called ultrapasteurisation. 


Production of cream 


Cream for sale to consumers is produced with different fat contents. 

Cream of lower fat content, 10 — 18%, is often referred to as half cream or 
coffee cream; it is increasingly used for desserts and in cooking. Cream with 
a higher fat content, typically 35 — 40 %, is usually considerably thicker. It 
can be whipped into a thick froth and is therefore referred to as “whipping 
cream”. Whipping cream is used whipped or unwhipped as a dessert, for 
cooking, etc. 


Whipping cream 

In addition to tasting good and keeping well, whipping cream must also 
have good “whippability’, i.e. it must be easy to whip and produce a fine 
cream froth with a good increase in volume (overrun). The froth must be firm 
and stable, and must not be susceptible to syneresis. Good whippability 
depends on the cream having a sufficiently high fat content. Whipping 
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cream with 40% fat is usually easy to whip, but the whippability decreases 
as the fat content drops to 30% and below. However, it is possible to pro- 
duce good whipping cream with a low fat content (about 25%) by adding 
substances which improve whippability, e.g. powder with a high lecithin 
content made from sweet buttermilk. 

Unintentional air inclusion must be avoided in the manufacture of the 
cream. Air pickup leads to formation of froth and destabilisation. If cream is 
subjected to excessive mechanical treatment, especially just after it has left 
the cooling section, the fat-globule membranes will be damaged, resulting 
in fat amalgamation and formation of clusters. Creamlining takes place 
when roughly treated cream is stored in the pack. The layer of cream will be 
dense and sticky. This “nhomogenisation effect” greatly impairs the whipping 
characteristics of the cream. 

Air is intentionally beaten into cream when it is whipped. This produces a 
froth full of small air bubbles. The fat globules in the cream collect on the 
walls of these air bubbles. Mechanical treatment destroys the membranes 
of many fat globules, and a certain amount of liquid fat is liberated. This fat 
makes the globules stick together. 

The fat globules must contain the correct proportions of liquid and crys- 
tallised fat in order to obtain a firm froth. Warm cream contains liquid fat, 
which makes whipping impossible. Cream for whipping must therefore be 
stored at a low temperature (4 — 6°C) over a relatively long period of time to 
obtain proper crystallisation of the fat. This storage period is called ripening 
time. Cream is usually ripened in jacketed process tanks with scraper agita- 
tors. Heat is released during crystallisation. However, cooling and agitation 
should not start until about two hours after the process tank has been filled. 
The reason is that during this period of fat crystallisation the fat globules can 
easily be split, releasing free fat and causing lump (cluster) formation. At 
cooling the agitation must be gentle. See also figure 8.4 concerning the 
progress of crystallisation of 40% cream. Slightly lower final temperatures 
can be used in the summer, when the milk fat is usually softer than during 
the winter. 


The whipping method 

The best whipping result is obtained when the temperature of the cream is 
below 6°C. The whipping bowl and instrument should also be correctly 
proportioned in relation to one another so that whipping is completed as 
quickly as possible. Otherwise the temperature may rise appreciably during 
whipping, resulting in an inferior froth (butter may be formed in the worst 
case). 


\ 
yen tit ah jai 
EEEN 


\ 


Fig. 8.3 Test of leakage of whipped cream after 2 hours at 18-20 °C and 75% R.H. 
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Whipping time and increase of the volume, overrun, are two criteria that 
should be measured to check whipping properties. An adequate whipping 
bowl (holding 1 litre) and instrument (preferably an electric beater) are re- 
quired for this test. A suitable volume of cream (say 2 dl) is cooled to +6°C 
+1°C and then poured into the bowl. 

The height of cream is measured before whipping starts. The beater is 
stopped when the froth has reached acceptable firmness (which means 
that it will not start to run when the bowl is inverted). 

Whipping time is measured with a stopwatch, which is started and 
stopped simultaneously with the beater. 

The height of the whipped cream is measured to establish the overrun. If 
for instance the height was 5 cm initially and is 10.5 cm after whipping, the 
overrun will be (10.5 — 5) x 100 - 5 = 110%. 

With 40% cream the whipping time should be about 2 minutes and the 
overrun between 100 and 130 %. 

The quality of the froth is measured by the leakage of liquid after 2 hours 
at 18 - 20°C and 75% R.H. 

Directly after whipping and measurement of overrun, all the whipped 
cream is placed on a plane metal net. The froth is formed as shown in figure 
8.3. and the net is placed over a funnel of adequate size, which in turn is 
placed over a graduated measuring glass. The amount of liquid that has 
accumulated in the glass is read off after two hours’ storage at the above- 
mentioned temperature and humidity. The judgement criteria are: 

0-1 ml very good 

1-4ml good 

>4ml not so good 


The whipping-cream production line 


The Scania method 

The process stages in the manufacture of whipping cream include heating 
of the whole milk to separation temperature, 62 — 64°C, separation and 
standardisation of the cream fat content to the required value, and pasteuri- 
sation and chilling of the cream in a heat exchanger before it continues to a 
process tank for ripening. 

Treatment of cream with a high fat content involves several problems 
which must be carefully considered when the process line is designed. The 
most serious problem is how to avoid shearing and turbulence during crys- 
tallisation of the fat. The fat in the globules is in liquid form at higher 
temperatures, and fat globules seem to be unaffected by treatment at tem- 
peratures above 40°C. 

The fat starts to crystallise as soon as cooling begins in the process line. 
This is a fairly slow process; some crystallisation still continues after four or 
five hours. Crystallised fat has a lower specific volume than liquid fat, so 

°C 
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Fig. 8.4 The crystallisation process for 
40% cream at 8°C. 
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tension forces are generated in the fat globules during crystallisation. This 
makes the fat globules very sensitive to rough treatment at 10 — 40°C. 

The progress of crystallisation of 40% cream cooled to 8°C is illustrated 
in figure 8.5. The cream must not be agitated while the processing tank is 
being filled. Agitation and cooling start about two hours after the tank has 
been filled. 

Crystallisation releases heat of fusion, causing the temperature to rise by 

— 3°C. Final cooling in the processing tank is absolutely essential. The 
cream is normally cooled to 6°C or even lower. The fat globules seem to be 
less sensitive to rough treatment at these temperatures, but they are still 
more sensitive than at temperatures above 40°C. 

The biggest problem in processing whipping cream is the formation of 
clusters, which reduce the emulsion stability of the cream. Clusters occur 
when fat globules with partly crystallised fat and weak membranes are 
subjected to rough mechanical treatment. Reduced emulsion stability of 
cream is responsible for product defects in whipping cream such as cream 
plugs in containers, reduced whippability and lipolysis. 


Fig. 8.5 Production line for whipping 
cream according to the Scania method. 
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Figure 8.5 shows a process in which great care has been taken to elimi- 
nate rough treatment of the whipping cream. This method, developed by 
Alfa Laval in collaboration with some Swedish dairy co-operatives, is called 
the Scania method. The standardised cream may have come from a dedi- 
cated cream production line, or may be surplus cream from a market milk 
production line of the type shown in figure 8.1. In either case the separation 
temperature should be 62 — 64°C to guarantee the highest possible cream 
quality (lowest amount of free fat). 

The standardised cream is fed from above to a holding tank (1) at sepa- 
ration temperature. The optimum holding time in the tank is 15 — 30 minutes 
before pasteuration starts. The flow rate at pasteuration shold be very close 
to the average rate of infeed to the holding tank. This makes it possible to 
collect small flows of surplus cream in the holding tank over a period of 
time, ensuring minimum mechanical agitation of the cream. 

The holding tank has no agitator, and about 50% of the air content in the 
cream is naturally eliminated there. Volatile off-flavours are removed at the 
same time, and the risk of fouling in the pasteuriser is reduced. Holding the 
cream at about 68°C in the tank inactivates most lipase enzymes and stops 
hydrolysis of free fat. The maximum holding time, including filling and emp- 
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tying, should be about four hours. For longer production runs, two holding 
tanks should be installed and used alternately, with intermediate cleaning of 
one tank while the other is in use. 

From the holding tank the cream is pumped to a regenerative heating 
section in the heat exchanger (3). The booster pump (4) then pumps the 
cream through the heating section and holding tube (6). Since pumping 
takes place at a high temperature (over 60°C), at which the cream is less 
sensitive to mechanical treatment, both product pump (2) and booster 
pump (4) can be centrifugal pumps. 

After pasteurisation, typically above 80 — 95°C for up to 10 seconds, the 
cream is pumped to the cooling sections in the heat exchanger where it is 
concurrently cooled to 8°C in the deep cooling section before continuing to 
the ripening tanks (6). Cooling in the heat exchanger to an average tempe- 
rature of 8°C seems to be optimum for cream with a fat content of 35 - 
40%. At higher fat contents, higher cooling temperatures must be used to 
prevent the cream from clogging the cooling section due to rapidly increas- 
ing viscosity. This produces a sharp rise in the pressure drop over the cool- 
ing section, which in turn causes damage to the fat globules and possibly 
even leakage of butteroil from that section. The process must then be 
stopped and the system flushed out, cleaned and restarted. 

Because of the instability of the freshly chilled fat globules, shearing and 
turbulence should be avoided (no pump and adequately dimensioned pip- 
ing) during transportation from the cooling section of the heat exchanger to 
the processing tank for final cooling and fat crystallisation. The pressure for 
this transport must therefore be provided by the booster pump. 

After ripening, the cream is pumped to the packaging machines. The 
temperature is now low, and most of the milk fat is crystallised, which 
means that the cream is now less sensitive to mechanical treatment. A 
frequency-controlled centrifugal pump can be used at low pressure drops, 
up to 1.2 bar, provided that a pressure transmitter is also integrated into the 
system. Lobe rotor pumps running at max. 250 — 300 rom are recommen- 
ded at pressure drops from 1.2 - 2.5 up to 3 bar. 


Half and coffee cream 


Cream containing 10 — 18 % fat is characterised as half or coffee cream. 
Figure 8.6 shows a process line for half cream. Untreated milk from the 
storage tanks is heated regeneratively in the heat exchanger to separation 


Fig. 8.6 Production line for half and 
coffee cream 
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Table 8.3 
Viscosity test; increasing homogenising pressure at 57°C 


Homogenising pressure Cream viscosity 
MPa seconds 
10 18 
15 28 
20 45 


The mixing of cream and skimmilk is done with a metering pump which 
injects the skimmilk into the cream line. The cream temperature is then 
adjusted to homogenising temperature. 

After homogenisation the cream is returned to the heat exchanger, 
where it is pasteurised at 85 — 90°C for 15 — 20 seconds before being 
cooled to about 5°C and packed. 

Two principal requirements must be met in production of cream: 

e The cream should be viscous, to convey a more appetizing impression. 
e The cream should have good coffee stability. It must not flocculate 

when poured into hot coffee. 

Cream with a low fat content has a relatively low viscosity and is not of the 
consistency normally wanted by customers. It is necessary to select the 
correct temperature and pressure for homogenisation to give the cream the 
correct viscosity. 

The viscosity of cream increases with increasing homogenising pressure 
and is reduced by a temperature increase. The cream viscosity in Table 8.3 
can be obtained by keeping the homogenising temperature constant at 
about 57°C and homogenising the cream at three different pressures: 10; 
15 and 20 MPa (100, 150 and 200 bar). The viscosity is measured with a 
SMR viscosity meter, described in chapter 11, Cultured milk products. The 
longer the time, in seconds, for the cream to flow through the meter, the 
higher the viscosity. Cream which has been homogenised at 20 MPa has 
the highest viscosity. 


Table 8.4 
Viscosity test; effect of homogenising temperature 
at 15 MPa 


Homogenising temp. Viscosity 
°C seconds 
35 49 
50 35 
65 10 


Table 8.4 shows the viscosity if the homogenising temperature is varied 
at a constant homogenising pressure of 15 MPa. 

The viscosity of cream decreases with increasing homogenising temper- 
ature, which should consequently be as low as possible. The fat must how- 
ever be liquid to achieve the homogenising effect. This means that the ho- 
mogenising temperature should not be below 35°C. 

The coffee stability of cream can be affected considerably by the homo- 
genising conditions — temperature, pressure and position of the homogenis- 
er (upstream or downstream of the heat exchanger). 
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The coffee stability of cream can be improved to a certain extent by 
adding sodium bicarbonate (max. 0.02%), if legally permitted. Coffee stabil- 
ity is a certain kind of thermal stability and is a complicated question, involv- 
ing several factors: 

e The temperature of the coffee; the hotter the coffee, the more easily the 
cream will flocculate. 

e The type of coffee and the manner in which it is prepared; the more acid 
the coffee, the more easily the cream will flocculate. 

e The hardness of the water used to make the coffee; cream will flocculate 
more readily in hard water than in soft water, as calcium salts increase 
the ability of the proteins to coagulate. 


Packaging 

The principal and fundamental functions of packaging are 

to enable efficient food distribution 

- to maintain product hygiene 

- to protect nutrients and flavour 

- to reduce food spoilage and waste 

- to increase food availability 

- to convey product information 

Glass bottles for milk were introduced back at the beginning of the 20th 
century. As a package, glass has some disadvantages. It is heavy and fra- 
gile, and must be cleaned before re-use, which causes some problems for 
dairies. Since 1960 other packages have entered the milk market, mainly 
paperboard packages but also plastic bottles and plastic pouches. 

A package should protect the product and preserve its food value and 
vitamins on the way to the consumer. Liquid foods tend to be perishable, so 
a clean, non-tainting package is absolutely essential. The package should 
also protect the product from mechanical shock, light and oxygen. Milk is a 
sensitive product; exposure to daylight or artificial light destroys some es- 
sential vitamins and has a deleterious effect on the taste (Sunlight flavour, 
see table 8.2). 

Other products, such as flavoured milk, contain flavouring matter or 
vitamins that are oxygen-sensitive. The package must therefore exclude 
oxygen. 

A milk carton usually consists of paperboard and plastic (polyethylene). 
Paperboard comes from wood, which is a renewable resource. The paper- 
board gives stiffness to the packages as well as making them resistant to 
mechanical stress. The paperboard also serves to some extent as a light 
barrier. 

A thin layer of food-grade polyethylene on either side of the paperboard 
makes the cartons leakproof. On the outside, the plastic also protects the 
cartons from condensation when chilled products are taken out of storage. 

Because of its purity, this polyethylene produces minimal environmental 
impact when incinerated or deposited in landfills. 

For products with a long non-refrigated shelf life and very sensitive prod- 
ucts, a thin layer of aluminium foil is sandwiched between layers of poly- 
ethylene plastic. This gives almost complete protection of the product 
against light and atmospheric oxygen. 

All packages end up as waste. The growing volume of household waste 
could become an environmental problem in our society. Ways of tackling 
this problem can be summarized in principle under five headings : 

e Reduction. Reducing the input of raw materials and choosing materials 
that are not environmentally harmful helps to conserve natural resources. 

e Recycling. Packages can be collected after use and used again. How 
ever, it should be remembered that even a refilled package ultimately 
ends up as waste. 

e Recovery of materials. Packages can be collected and the materials 
used to manufacture new products, but it is important that the new 
products meet a real need. 
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e Recovery of energy. All packages incorporate energy, which can be 
extracted when the waste is incinerated. The potential yield depends on 
the type of packaging material. 

e Landfill. Waste can be deposited as landfill and the area can ultimately 
be landscaped for recreational or other purposes. 

Paperboard packages have a very low weight, and their main component 

comes from a source that is renewable. Compared to most other packa- 

ges, the amount of waste generated is small. A one-litre Tetra Brik pack 
weighs 27 g and generates only that amount of waste. 

Paperboard packages are highly suitable for energy recovery. Wood and 
oil (the raw material for the plastic) are conventional sources of energy, and 
it can be said that we simply borrow these raw materials for packages be- 
fore using them as fuel. The incineration of two tons of packaging material 
yields as much energy as one ton of oil. 

Waste as landfill is the least efficient form of waste managament. How- 
ever, if Tetra Pak packages are deposited in this way, there are no toxic 
substances in them which could contaminate ground water. 
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Chapter 9 


Long life milk 


Sterilising a product means exposing it to such powerful heat treatment 
that all micro-organisms and heat-resistant enzymes are inactivated. 
Sterilised products have excellent keeping qualities and can be stored for 
long periods of time at ambient temperatures. Many dairies can therefore 
distribute sterilised products over long distances and thereby find new 
markets. 


With a product that can be stored for long periods without spoiling and with 
no need for refrigeration, there are many advantages for both the producer, 
the retailer and the consumer. The producer can for example reach geo- 
graphically wider markets, simplify deliveries, use fewer and cheaper 
distribution vehicles and eliminate return of unsold products. Handling is 
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The milk is unsuitable for 

UHT treatment if: 

e itis sour 

e it has the wrong salt balance 

e it contains too much serum 
proteins — typical of colostrum 


K x t = log N/N, 


whe 

N = number of micro-organ- 
isms (spores) originally 
present, 

N, = number of micro-organ- 
isms (Spores) present 
after a given time of treat- 
ment (t), and 

K = aconstant 

= time of treatment 


+ 
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simplified for the retailer, as expensive refrigerated display space can be 
eliminated and stock planning is simplified. 

Finally, the consumer gains in convenience as he can make fewer trips to 
the shops, there will be less congestion in the home refrigerator and he will 
have emergency reserves available for unexpected guests. This includes 
expensive products such as cream, desserts and sauces. 


Raw material quality 


Milk exposed to high heat treatment must be of very good quality. It is par- 
ticularly important that the proteins in the raw milk do not cause thermal 
instability. The heat stability of the proteins can be quickly determined by an 
alcohol test. When samples of the milk are mixed with equal volumes of an 
ethyl alcohol solution the proteins are instable and the milk flocculates at a 
certain concentration. The higher the concentration of ethyl alcohol solution 
is without flocculation, the better the heat stability of the milk. Production 
and shelf life problems can usually be avoided if the milk remains stable at 
an alcohol concentration of 75%. 

The alcohol test is typically used to reject all milk which is unsuitable for 
UHT treatment because: 

e itis sour, due to high bacterial count of acid producing micro-organisms 
e it has the wrong salt balance, 
e jit contains too much serum proteins — typical of colostrum. 

Raw milk of bad quality has an adverse effect on both processing condi- 
tions and on the final product quality. Sour milk has poor thermal stability 
and causes both processing problem and sedimentation, e.g. burning-on 
on the heating surfaces resulting in short running times and difficulties with 
cleaning as well as sedimentation of proteins on the bottom of the pack- 
ages during storage. 

Milk stored for long time at low temperature may contain high numbers 
of Psychrotrophic bacteria which can produce heat-resistant enzymes 
which are not completely inactivated by sterilisation. During storage they 
can cause taste changes such as rancidity, bitterness or even gelation 
problems (age-thickening or sweet curdling). 

The bacteriological quality of the milk must be high. This applies not only 
to the total bacteria count but also, and even more important, to the spore 
count of spore-forming bacteria which influence the rate of unsterility. 


Sterilising efficiency 

When micro-organisms and/or bacterial spores are subjected to heat treat- 
ment or any other kind of sterilising/disinfectant procedure, not all micro- 
organisms are killed at once. Instead, a certain proportion is destroyed in a 
given period of time while the remainder survives. If the surviving micro- 
organisms are once more subjected to the same treatment for the same 
length of time, an equal proportion of them will be killed, and so on. In other 
words, a given exposure to sterilising or disinfectant agents always kills the 
same proportion of micro-organisms present, however many or few they 
may be. 


Logarithmic reduction of spores 
The lethal effect of sterilisation on micro-organisms can thus be expressed 
mathematically as the logarithmic function to the left. 

This formula results in a straight line when drawn as a semi-logarithmic 
graph with the time of treatment plotted on the linear axis and the number 
of survivors on the logarithmic axis. 

A logarithmic function can never reach zero! To put it another way, sterili- 
ty defined as the absence of living bacterial spores in an unlimited volume of 
product is impossible to achieve. Rather than applying demands which are 
impossible and cannot be determined under practical conditions, we should 
look for a more workable and realistic concept. “Sterilising effect” or “steri- 
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lising efficiency” is such a concept. These terms state the number of deci- 
mal reductions in counts of bacterial spores achieved by a sterilisation pro- 
cess. 

Each time a sterilisation process is performed, it can be characterised by 
a certain sterilising effect. In any heat sterilisation process, the sterilising 
effect is determined by the time/temperature condition applied. The higher 
the temperature and the longer the holding time, the more efficient the 
process, i.e. the greater the sterilising effect. 

The sterilising effect is expressed by the number of decimal reductions 
achieved in the process. For example, a sterilising effect of 9 indicates that 
out of 10° bacterial spores fed into the process, only 1 (109) will survive.The 
sterilising effect is independent of the volume. The higher the temperature and 

the longer the holding time, the 
more efficient the process, i.e. 
log 10° - log 10°=9-0=9 the greater the sterilising effect. 


A logarithmic function can 
never reach zero! 


Spores of Bacillus subtilis or Bacillus stearothermophilus are generally used 
as test organisms to determine the sterilising effect of UHT equipment, 
since these strains — especially B. stearothermophilus — form fairly heat- 
resistant spores. 

Clostridium botulinum is used for calculation of the effect of in-container 
sterilisation. 

Equipment for in-flow sterilisation (UHT treatment) usually has a sterilising 
effect of around 10 to 12 as tested with B. subtilis soores and around 8 
when spores of B. stearothermophilus are used, while the effect of in-con- 
tainer sterilisation must not be lower than 12 when Clostridium botulinum is 
used. 

Obviously, the sterilising effect depends upon: 

e The time/temperature combination, 

e The heat resistance of the test spores, which in turn is influenced 
by the Bacillus strain used and the way the spores were produced, 

e The product in which the heat treatment is taking place. 4 

The lethal effect on bacterial spores starts at a temperature around 

115°C and increases very rapidly with rising temperature. Bacteria 

can be divided into two groups: 

1 Those existing as vegetative cells only (easy to kill by heat or other 
means), 


TOL 
coa ® 


2 Those existing in a vegetative state and as spores as well, i.e. Bacterial spores ae ana 
spore-forming bacteria. While these bacteria are easily killed as 
long as they are in the vegetative state, their spores are difficult v + 
to eliminate. 
Products to be sterilised usually contain a mixed flora of both vege- | Thermo-resistant Thermo-sensitive 
tative cells and bacterial spores, as shown in figure 9.1. Unfortu- 
nately, the correlation between the two is not very good. High Fig. 9.1 Thermal impact on bacteria in 
spore counts may be found in products with low total counts, and vice different states. 


versa, so total count detemination cannot serve as a reliable base for enu- 
meration of spores in food products. 


Q value 

As mentioned above, the sterilising effect of a heat sterilisation process 
increases rapidly with increasing temperature. This, of course, also applies 
to chemical reactions occuring as a consequence of heat treatment. The 
Q,, value has been introduced as an expression of this increase in speed of 
a reaction. It states how many times the speed of a reaction increases if the 
temperature of the system is raised by 10°C. 

The Q,, value for flavour changes - and for most chemical reactions — is 
around 2 to 3, i.e. if the temperature of a system is raised by 10°C, the 
speed of chemical reactions doubles or triples. Q,, values can also be de- 
termined for the killing of bacterial spores. The values found range between 
8 and 30. The variation is so wide because different kinds of bacterial 
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spores react differently to temperature increases. The changes in chemical 
properties and spore destruction by the influence of increased temperature 
are shown in figure 9.2. 


F, value 

In this context it should also be mentioned that the connection between 
time and temperature of sterilisation is also expressed as a F, value accord- 
ing to the following logarithmic function: 


TAA 
t Z 


where 

t = sterilisation time in seconds at T °C 

T = sterilisation temperature in °C 

z = a value expressing the increase in temperature to obtain the same 
lethal effect in the 1/10 of time. The value varies with the origin of the 
spores (10 — 10.8°C) and can generally be set as 10°C. 

If the formula is expressed in °F, the reference temperature is 250°F and the 

z value normally 18°F. 

F, = 1 after the product is heated at 121.1 °C for one minute. To obtain 

commercially sterile milk from good quality raw milk a F,-value of minimum 

5 - 6 is required. 


B* and C’ values 

The effective working range of UHT treatments is also defined in some 
countries by reference to two parameters, viz.: 

Bacteriological effect: B` (known as B star) 

Chemical effect: C’ (known as C star) 

B is based on the assumption that commercial sterility is achieved at 
135°C for 10.1 sec. with a corresponding z value of 10.5°C. This reference 
process is given a B’ value of 1.0, representing a reduction of thermophilic 
spore count of 10° per unit. 

The C’ value is based on the conditions for 3% destruction of thiamine 
per unit. This is equivalent to 135°C for 30.5 seconds with a z value of 
31.4°C. 

A UHT process operates satisfactory with regard to the keeping quality 
of the product when the following conditions are fullfilled: 


B>] 
C e] 


“The fastest particle” 

In some countries (especially the United States), particular attention is paid 
to the residence time in a holding cell or tube, with special reference to the 
holding time for the “fastest particle”. Depending on the flow pattern of the 
liquid (turbulence or laminar flow) the efficiency coefficient for milk is 0.85 — 
0.9. This involves applying a correction factor in calculations of holding 
times. In special cases, in the USA it is reckoned that the fastest particle 
passes a holding cell twice as fast as the average particle, i.e. the efficiency 
coefficient (n) is 0.5 -— 0.85. 


Commercial sterility 

You will also find the expression “commercial sterility” which is frequently 
used for UHT-treated products. A commercially sterile product is defined as 
one which is free from micro-organisms which grow under the prevailing 
conditions. 
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The graphs in figures 9.3 and 9.4 show the temperature/time curves for 
the two heat sterilisation systems most frequently utilised. 

The figures also show that while the time for sterilisation of containers 
with non-sterile product is expressed in minutes, the corresponding time for 
UHT treatment is a matter of seconds. 


Temp.°C Temp.°C 
150 [ieee eam gn || Eea aaa 


100 } 100 


50 } 50 
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Minutes Seconds 
Fig. 9.3 Temperature curve for Fig. 9.4 Temperature curves for 
in-container sterilisation. direct and indirect UHT treatment. 


Chemical and bacteriological changes at high heat 
treatment 

When milk is kept at a high temperature for a long time, certain chemical 
reaction products are formed, which results in discoloration (browning). It 
also acquires a cooked and caramel flavour, and there is occasionally a 
great deal of sediment. These defects are largely avoided by heat treatment 
at a higher temperature for a shorter time. It is important that the time/ 
temperature combination is chosen so that the spore destruction is satis- 
factory and at the same time the heat damage to the milk is kept at the 
lowest possible level. 
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There are no changes in the nutri- 
tional value of fat, lactose and 
mineral salts, but there are mar- 
ginal changes in the nutritional 


value of the proteins and vitamins. 
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Figure 9.5 shows the relationship between sterilisation effect and brown- 
ing reaction. The A line represents the lower limit of time/temperature com- 
binations which cause the milk to turn brown. Line B is the lower limit of 
combinations for complete sterilisation (destruction of thermophilic spores). 
The regions for in-container sterilisation and UHT treatment are also marked 
in the figure. 

The figure shows that while the two methods have the same sterilising 
effect, there is a great difference in the chemical effects; the browning reac- 
tion and destruction of vitamins and amino-acids. At lower temperature 
loads the difference is much smaller. This is the reason why UHT milk tastes 
better and has a higher nutritive value than in-container sterilised milk. 

Taste is a very subjective factor, but it is quite clear that the taste of UHT- 
treated milk has improved over the years. Many people find it impossible to 
tell the difference between good UHT milk and pasteurised milk. 

As was mentioned in charpter 2, it appears that it is possible to differenti- 
ate pasteurised, UHT and sterilised milk by their lactulose content. The 
higher the temperature load has been, the higher is the lactulose content. 

Ever since UHT-treated milk was introduced on the market the quality 
and primarily the taste and odour have been discussed. At the beginning 
the UHT-milk was almost as white as ordinary pasteurised milk, but the 
product had a cooked taste and odour. A lot of efforts have been and still 
are being made to reach a flavour closer to that of ordinary pasteurised milk. 

In this context it is important to mention that the temperature at which 
the milk is organoleptically tested has a big influence on the result. At 
refrigeration temperature, some 5 — 7 °C, the UHT flavour will be sur- 
pressed. Therefore, when, for instance comparision of the influence of vari- 
ous methods of UHT treatment are made, the organoleptic evaluation 
should be made at 20 °C after the samples have been stored at 20 °C for 
various periods, say 2; 4 and 6 weeks. 

Tests made in this way show that significant differences exist between 
direct and indirect methods, the latter exposing the milk to a higher temper- 
ature load. However, there is no significant difference between the two 
direct methods. 


Shelf life 


Another term used in connection with UHT treatment to characterise the 
quality of the treatment is the shelf life of the product. This is defined as the 
time for which the product can be stored without the quality falling below a 
certain acceptable, minimum level. The concept is subjective — shelf life can 
be very long if the criteria of product quality are low. 

The physical and chemical limiting factors of shelf life are incipient gelling, 
increase of viscosity, sedimentation and creamlining. The organoleptic limit- 
ing factors are deterioration of taste, smell and colour. 


Nutritional aspects 
When studying any type of food process, it is important to consider the 
nutritional aspects. Extensive research has been carried out on the effect of 
heat treatment on milk. 

The heat effect of UHT treatment on the constituents of milk can be 
summarised as follows: 


Constituents Heat effects 

Fat No changes 

Lactose Marginal changes 

Proteins Partial denaturation of whey proteins 
Mineral salts Partial precipitation 

Vitamins Marginal losses 


Certain conclusions regarding changes in nutritional value can be drawn 
from these chemical changes. There are no changes in the nutritional value 
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of fat, lactose and mineral salts, but there are marginal changes in the nutri- 
tional value of proteins and vitamins. 

The major protein in milk, casein, is not affected by heat treatment. De- 
naturation of whey proteins does not mean that the nutritional value is lower 
in UHT milk than in raw milk. On the contrary, UHT treatment improves the 
digestibility of whey proteins. The structure is loosened so that enzymes in 
the stomach can more easily attack the proteins. 

The small loss of the essential amino-acid lysine causes the marginal 
changes. However, it has been shown that about 0.4 — 0.8% of the lysine is 
lost, and this figure is the same for pasteurised milk. The corresponding 
value for in-container sterilised milk is 6 - 10%. 

Some of the vitamins in milk are considered to be more or less ther- 
mostable. Among these are the fat-soluble vitamins A, D and E and the 
water-soluble vitamins B,, B,, biotin and nicotinic acid (niacin). Other vita- 
mins are less stable to heat, e.g. B, (thiamine). The time/temperature curve 
in figure 9.5 shows that thiamine losses are less than 3% in UHT-treated 
milk but considerably higher in in-container sterilised milk (approximately 20 
— 50%). The same relationship regarding destruction of vitamins can be 
found in all other heat-sensitive vitamins in UHT and in-container sterilised 
milk, for example Bẹ B,,, folic acid and vitamin C. Losses of vitamin B, and 
vitamin C in in-container sterilised milk may be as high as 100%. 

Some of the vitamins, e.g. folic acid and vitamin C, are oxidation-sensi- 
tive, and these losses occur mainly during storage due to a high oxygen 
content in the milk or the package. However, milk is not a good source of 
vitamin C and folic acid, as the content is far below the recommended daily 
intake. 

Generally speaking, losses of vitamins are considerably higher when food 
iS prepared in the home than in UHT treatment and pasteurisation of milk. 
The general conclusion should therefore be that UHT milk and pasteurised 
milk are of the same quality, while in-container sterilised milk is of inferior 
quality where the nutritional value is concerned. 


Fig. 9.6 A static pressure vessel 
(autoclave). 


Production of long life milk Fig. 9.7 Vertical or t steriliser. 


Two methods are used for the production of long life milk: — ear 

A |n-container sterilisation, with the product and package (container) being = Water 
heated at about 116°C for about 20 minutes. Ambient storage. 

B Ultra High Temperature (UHT) treatment with the product heated at 135 
— 150°C for 4 - 15 seconds followed by aseptic packaging in packages 
protecting the product against light and atmospheric oxygen. Ambient 
storage. 


In-container sterilisation 


T 


a, Fig. 9.8 Horizontal steriliser. 
Two processes are used for sterilisation in bottles or cans. =m Steam 


e Batch processing in autoclaves, figure 9.6. = Water 


e Continuous processing systems such as: 
— vertical hydrostatic towers, figure 9.7 
— horizontal sterilisers, figure 9.8 


Batch processing 
The batch system can be operated by three 
methods: 
1 In stacks of crates in a static pressure 
vessel (autoclave, figure 9.9), 
2 Ina cage which can be rotated in 
a static autoclave, 
3 Ina rotary autoclave. 


Fig 9.9 Batch processing in a static 
pressure vessel (autoclave). 
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Fig. 9.10 Hydrostatic vertical 

continuous bottle steriliser 

1. 1st heating stage 

2. Water seal and 2nd heating stage 

3. 3rd heating stage 

4. Sterilisation section 

5. 1st cooling stage 

6. 2nd cooling stage 

7. 3rd cooling stage 

. 4th cooling stage 

. Final cooling stage 

0. Upper shafts and wheels, 
individually driven 


8 
9 
1 


mums Steam 
=== Cooling water 
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The rotary methods have an advantage over the static method due to 
the quicker uptake of heat from the heating medium and the greater uni- 
formity of treatment with respect to bacterial kill and colour of finished pro- 
duct. 

In autoclave sterilisation the milk is usually preheated to about 80°C and 
then transferred to clean, heated bottles. The bottles are capped, placed in 
a steam chamber and sterilised, normally at 110 — 120°C for 15 — 40 min- 
utes. The batch is then cooled and the autoclave filled with a new batch. 
The principle is the same for cans. 

Batch sterilisation in autoclaves is a technique which is used more often 
for canned solid foods than for liquid products. The fact that sterilisation 
takes place after bottling or canning eliminates the need for aseptic hand- 
ling, but on the other hand heat resistant packaging materials must be 
used. 


Continuous processing 


Continuous systems are normally preferred when more than 10 000 units 
per day are to be produced. For continuity of operation, the design of ma- 
chines for continuous production depends on the use of a pressure lock 
system through which the filled containers pass from low pressure/low 
temperature conditions into a relatively high pressure/high temperature 
zone, after which they are subjected to steadily decreasing temperature/ 
pressure conditions and are eventually cooled with chilled or cold water. 
There are two main types of machine on the market for continuous steri- 
lisation, differing basically in the type of pressure lock system used. 
1 The hydrostatic vertical bottle steriliser 
2 The horizontal rotary valve-sealed steriliser. 


Hydrostatic vertical steriliser 
This type of steriliser, often referred to as the tower steriliser, figure 9.10, 
basically consists of a central chamber maintained at sterilising temperature 
by steam under pressure, counterbalanced on the inlet and discharge sides 
by columns of water giving an equivalent pressure. The water on the inlet 
side is heated and that on the outlet side cooled, each at a temperature 
adjusted to give maximum heat uptake/abstraction compatible with avoid- 
ance of breakage of the glass by thermal shock. 

In the hydrostatic tower the milk containers are slowly conveyed through 


~ successive heating and cooling zones. These zones are dimensioned to 


correspond to the required temperatures and holding times in the various 
treatment stages. 

In many cases the milk is pretreated in a pre-sterilising plant similar to a 
UHT plant. The milk is heated to 135°C or higher for a few seconds and 
then cooled to 30 — 70°C (depending on the material of the bottle - as a 
rule plastic bottles require the lower temperature), and transferred to clean 
heated bottles before it is treated in the hydrostatic tower. Pre-sterilisation 
can take place in an indirect or direct plant; it need not be quite as intense 
as for one-stage sterilisation, as the main purpose is to decrease the 
number of spores in order to reduce the heat load in the heating tower. 

The time cycle of a hydrostatic steriliser is approx. one hour, including 20 
— 30 minutes for passage through the sterilising section at 115 — 125°C. 

The hydrostatic steriliser is suitable for heat-treatment of 2 000 x 0.5 | to 
16 000 x 1 | units per hour. Bottles of both glass and plastic can be used. 


Horizontal steriliser 
The rotary valve sealed steriliser, figure 9.11, is a comparatively low-built 
machine with a mechanically driven valve rotor, through which the filled 
containers are passed into a relatively high pressure/high temperature zone 
where they are subjected to sterilising temperatures of the order of 132 - 
140°C for 10 - 12 minutes. With an overall cycle time of 30 - 35 minutes, a 
capacity of 12 000 units per hour can be achieved. 

The rotary valve sealed steriliser can be used for sterilisation of plastic 
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bottles and glass bottles as well as flexible containers of plastic film and 
plastic laminates. 

Another system that ought to be mentioned in this context is the hori- 
zontal continuous rotating autoclave for evaporated milk in cans. The steri- 
liser design comprises three cylindrical vessels, each containing a helical 
strip attached to a roller inside the vessel. Furthermore, a number of chan- 
nels are formed so that the cans are forwarded along the roller during 
processing and simultaneously rotated. This type of steriliser is also 
equipped with a double detector system making it possible to detect non- 
sterile cans: one at the exit of the pre-heater and the other at the end of the 
pressure cooler. 


UHT treatment 


In a modern UHT plant the milk is pumped through a closed system. On the 
way it is preheated, highly heat treated, homogenised, cooled and packed 
aseptically. Low-acid (pH above 4.5 — for milk more than pH 6.5) liquid 
products are usually treated at 135 — 150°C for a few seconds, by either 
indirect heating, direct steam injection or infusion. High-acid (oH below 4.5) 
products such as juice are normally heated at 90 — 95°C for 15 — 30 sec- 
onds. All parts of the system downstream of the actual highly heating sec- 
tion are of aseptic design to eliminate the risk of reinfection. 

Compared with traditional sterilisation in hydrostatic towers, UHT treat- 
ment of milk saves time, labour, energy and space. UHT is a high-speed 
process and has much less effect on the flavour of the milk. However, regu- 
lar consumers of autoclave-sterilised milk are accustomed to its “cooked” 
or caramel flavour and may find the UHT-treated product “tasteless”. 


The UHT processes 

UHT is a technique for preserving liquid food products by exposing them to 
brief, intensive heating. This treatment destroys the micro-organisms in the 
product. 

This applies only as long as the product remains under aseptic condi- 
tions, so it is necessary to prevent reinfection by packaging the product in 
previously sterilised packaging materials under aseptic conditions after heat 
treatment. Any intermediate storage between treatment and packaging 
must take place under aseptic conditions. This is why UHT processing is 
also called aseptic processing. 


Development of UHT 

Experiments on sterilisation of milk in bottles were already carried out by 
Louis Pasteur, but it was not until around 1960, when both aseptic process- 
ing and aseptic filling technologies became commercially available, that the 
modern development of UHT processes started. UHT-treated milk and 
other UHT-treated liquid food products are now accepted worldwide, but it 
has not always been like that. 

The first UHT plants operated on the principle of direct steam injection. 
Compared with the in-container sterilisation plants, the new UHT plants 
soon gained a reputation for producing an excellent flavour. The first indirect 
plants were introduced on the market some ten years later. 
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Fig. 9.11 Horizontal steriliser with rotary 

valve seal and positive pressurisation 

(steam/air mixture) facility. 

1. Automatic loading of bottles or cans 

2. Rotating valve simultaneously 
transports bottles into and out of 
pressure chamber 

3. Sterilisation area 

4. Ventilation fan 

5. Pre-cooling area 

6. Final cooling at atmospheric 
pressure 

7. Unloading from conveyor chain 


m Steam 
=== Cooling water 


Common UHT products 


fresh and recombined liquid 
milk 

concentrated milk 

dairy creams 

flavoured milk drinks 
fermented milk products 
(yoghurt, buttermilk, etc.) 
whey-based drinks 
ice-cream mix 

desserts (custards and 
puddings) 

protein drinks 

soy drinks 

baby foods 

fruit and vegetable juices 
beverages such as tea and 
coffee 

toppings and creams based 
on vegetable fat 

soups 

sauces 

purees 

dressings 

nutritional solutions 
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Fig. 9.12 Steam 
injection nozzle. 


Fig. 9.13 
Steam infusion 
vessel. 
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Fig. 9.14 Plate heat exchanger 
for heating and cooling. 


Fig. 9.15 Tubular heat exchang- 
er for heating and cooling. 


Fig. 9.16 Scraped 
surface heat exchanger 
for heating and cooling. 


mm Milk 
mums Hot water 
m Steam 
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Research and development have been intense since UHT was first intro- 
duced. Modern plants deliver a superior product with the colour and nutri- 
tional values practically unchanged. 


UHT plants 


UHT treatment is a continuous process, and its application is therefore 
limited to products that can be pumped. UHT treatment can be applied to a 
wide range of dairy and food products. The list shown is not exhaustive. 
Many other liquid food products are likely to be of great interest to dairies in 
the future. 

UHT plants are often flexibly designed to enable processing of a wide 
range of products in the same plant. Both low-acid products (pH >4.5) and 
high-acid products (pH <4.5) can be treated in a UHT plant. However, only 
low-acid products require UHT treatment to make them commercially 
sterile. Soores cannot develop in high-acid products such as juice, and heat 
treatment is therefore intended only to kill yeast and moulds. Normal high- 
temperature pasteurisation (90 — 95°C for 15 — 30 seconds) is sufficient to 
make high-acid products commercially sterile. 

UHT plants are fully automatic and have four operating modes: plant pre- 
sterilisation, production, AIC (Aseptic Intermediate Cleaning) and C/P 
(Cleaning In Place). Safety aspects must be a prime consideration in the 
design of a UHT plant. The risk of supplying an unsterilised product to the 
aseptic filling machine must be eliminated. Interlocks in the control pro- 
gramming must provide security against operator errors and tampering with 
the process. It should, for example, be impossible to start production if the 
plant is not properly pre-sterilised. 

All sequences involved in starting, running and cleaning the plant are 
initiated from a control panel, which contains all the necessary equipment 
for control, monitoring and recording of the process. 


Various UHT systems 


There are two main types of UHT systems on the market. 

In the direct systems the product comes in direct contact with the heat- 
ing medium, followed by flash cooling in a vacuum vessel and eventually 
further indirect cooling to packaging temperature. The direct systems are 
divided into: 

e steam injection systems (steam injected into product), figure 9.12 
e steam infusion systems (product introduced into a steam-filled vessel), 

figure 9.13. 

In the indirect sytems the heat is transferred from the heating media to the 
product through a partition (plate or tubular wall). The indirect systems can 
be based on: 

e plate heat exchangers, figure 9.14 

e tubular heat exchangers, figure 9.15 

e scraped surface heat exchangers, figure 9.16 

Furthermore it is possible to combine the heat exchangers in the indirect 
systems according to product and process requirements. 


General UHT operating phases 
These operating phases are common to all UHT systems and are therefore 
not described under each system. 


Pre-sterilisation 

Before start of production the plant must be pre-sterilised in order to avoid 
reinfection of the treated product. The pre-sterilisation involves: 

e Hot water sterilisation at the same temperature as the product shall 
undergo. Minimum time of the hot water sterilisation is 30 minutes from the 
moment the relevant temperature has been reached in the whole aseptic 
part of the plant. 

e Cooling the plant to conditions required for production. 
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Production 
The production phases varies according to the different processes and are 
described below. 


Aseptic intermediate cleaning 

The full CIP cycle takes 70 to 90 minutes and is normally carried out imme- 
diately after production. Aseptic Intermediate Cleaning (AIC) is a useful tool 
in cases where a plant is used for very long production runs. A 30 minute 
AIC can be carried out whenever it is necessary to remove fouling in the 
production line without loosing aseptic conditions. The plant does not have 
to be resterilised after AIC. This method saves downtime and permits longer 
production runs. 


CIP 


The CIP cycle for direct or indirect UHT plants may comprise sequences for 
prerinsing, caustic cleaning, hot-water rinsing, acid cleaning and final rins- 
ing, all automatically controlled according to a preset time/temperature 
program. The CIP program must be optimised for different operating condi- 
tions in different dairies. 


Direct UHT plant based on steam injection 


and plate heat exchanger 

In the flowchart in figure 9.17 the product at about 4°C is supplied from the 
balance tank (1) and forwarded by the feed pump (2) to the preheating 
section of the plate heat exchanger (3). After preheating to approximately 
80°C the product pressure is increased by the pump (4) to about 4 bar and 
the product then continues to the ring nozzle steam injector (5). The steam 
injected into the product instantly raises the product temperature to about 


+ opt ® 


mms «=| SLC = Vacuum and condensate 

m Cooling water =~~ Diverted flow 

1a Balance tank milk Steam injection head 10 Aseptic homogeniser Fig. 9.17 UHT process with 

1b Balance tank water Holding tube 11 Aseptic tank heating by direct steam injection 
2 Feed pump Expansion chamber 12 Aseptic filling combined with plate heat ex- 


3 Plate heat exchanger 
4 Positive pump 


Vacuum pump 
Centrifugal pump 


OANDA 


Dairy Processing Handbook/chapter 9 


changer. 


225 


140°C (the pressure of 4 bar prevents the product from boiling). The prod- 
uct is held at UHT temperature in the holding tube (6) for a few seconds 
before it is flash cooled. 

Flash cooling takes place in the condenser-equipped expansion cham- 
ber (7) in which a partial vacuum is maintained by a pump (8). The vacuum 
is controlled so that the amount of vapour flashed off from the product 
equals the amount of steam previously injected. A centrifugal pump (9) 
feeds the UHT treated product to the aseptic two-stage homogeniser (10). 

After homogenisation the product is cooled to approximately 20°C in the 
plate heat exchanger (3) and then continues directly to an aseptic filling 
machine or to an aseptic tank for intermediate storage before being 
packed. 

The cooling water used for condensation is routed from the balance tank 
(1b) and after leaving the expansion chamber (7) it is utilised as pre-heating 
medium after having passed a steam injector. At pre-heating the water 
temperature drops to about 11°C; it can thus be used as coolant for the 
product coming from the homogeniser. 

In case of temperature drop during production the product is diverted 
into a reject tank after additional cooling. Simultaneously the plant is flushed 
by water. Following rinsing with water the plant is cleaned (CIP) and steri- 
lised before restart. 

Plants with capacities of 2 000 — 30 000 I/ h are available. 


Direct UHT plant based on steam injection 
and tubular heat exchanger 


As an alternative to the above design the plate heat exchanger (3 in figure 

9.17) can be exchanged for tubular heat exchangers when products of low 
Fig. 9.18 Combined direct or medium viscosity with or without particles or fibres are to be treated. 
and indirect UHT system. 
nn j/k 
mums «2 OCA 
m Cooling water 
Ey 
E 


Hot water 
Vacuum and condensate 
Diverted flow 


1 Balance tank 6 Expansion chamber 9 Aseptic tank 
2 Feed pump 7 Vacuum pump 10 Aseptic filling 
3 Tubular heat exchanger 8 Aseptic homogeniser 


3a Preheating section 
3b Correction cooler 
3c Heating section 

3d Final heating section 
3e Cooling section 


Following pre-sterilisation of the plant and cooling down to some 25°C, 
the milk of about 4°C is routed into a tubular heat exchanger (8) for pre- 
heating to approx. 95°C (in sections 3a and 3c). After a hold (4a) to stabilise 


3f Cooling section the proteins, the milk is further heated indirectly (3d). 

3g Diverted flow cooler Steam injection (5) instantly raises the temperature to 140 — 150°C. The 
4a Stabilising holding tube milk is held at this temperature for a few seconds (4b) before being cooled 
4b Holding tube down. Pre-cooling is performed in a tubular heat exchanger (3e) where the 
5 Steam injection head heat energy is utilised for regenerative heating. The injected steam is flashed 
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off as vapour in a vacuum vessel (6), whereupon the temperature of the milk 
drops to 80°C. 

The system of pre-cooling prior to flashing improves heat economy as 
well as minimising milk aroma losses. 

After aseptic homogenisation (8), the milk is cooled regeneratively (3f) to 
packaging temperature, approximately 20°C, and routed into an aseptic 
tank for intermediate storage before being aseptically packaged. 

The heating and cooling media circulate in a closed water loop which 
transports heat energy between the heat exchanger sections in the pro- 
cess. Steam is injected to add the small amount of makeup energy that is 
required during normal production. 

At temperature drop during production the product is diverted into a 
reject tank and the plant is flushed by water. The plant must be cleaned and 
sterilised before restart. 


r . . AUN 
Direct UHT plant based on steam infusion PN 


This system differs from the steam injection system mainly in the way of 
bringing the milk and steam together. 

The basic principle of steam infusion is to heat a product by passing it 
through an atmosphere of steam, as shown in figure 9.19. The product 
spreading system may vary but the resulting milk droplet sizes must be 
uniform so that the rate of heat transfer does not vary. If the droplet size 
varies the infuser will depart from the theoretical model upon which the 
design is based. 

Otherwise the process is similar to the steam injection system. 


Fig. 9.19 Vessel in which the product is 
heated by infusion into the steam. 
Indirect UHT plant based on plate heat 

exchangers 


UHT plants of the indirect heating type are built for capacities up to 
30 000 I/h; a typical flowchart is shown in figure 9.20. 
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Milk 

Steam 
Cooling water 
Hot water 
Diverted flow 


Balance tank 

Feed pump 

Plate heat exchanger 
Non-aseptic homogeniser 
Steam injection head’ 
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Holding tube Fig. 9.20 Indirect UHT system 
Aseptic tank based on indirect heating in a 
Aseptic filling plate heat exchanger. 
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Fig. 9.21 Split heating system in a plate 
heat exchanger. 

a First heating section 

b Final heating section 


Fig. 9.22 Effect on heat load with split 
heater. The broken line represents the 
temperature development in a system 
without split heating facilities. 

Note, at the lower capacity the 
holding time will be doubled in order to 
compensate for the lower UHT tempera- 
ture 
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The product at about 4°C is pumped from the storage tank to the bal- 
ance tank (1) of the UHT plant and from there by the feed pump (2) to the 
regenerative section of the plate heat exchanger (8). In this section the 
product is heated to about 75°C by UHT treated milk, which is cooled at 
the same time. The preheated product is then homogenised (4) at a pres- 
sure of 18 - 25 MPa (180 — 250 bar). Homogenisation before UHT treat- 
ment is possible in indirect UHT plants, which means that non-aseptic ho- 
mogenisers can be used. However, an aseptic downstream homogeniser is 
preferred to improve the texture and physical stability of certain products 
like cream. 

The preheated, homogenised product continues to the heating section 
of the plate heat exchanger where it is heated to about 137°C. The heating 
medium is a closed hot-water circuit with the temperature regulated by 
steam injection (5) into the water. After heating, the product passes through 
the holding tube (6), dimensioned for about 4 seconds. 

Finally, cooling is performed regeneratively in two sequences: first against 
the cool end of the hot water circuit, and then against the cold incoming 
product. The product that leaves the regenerative cooler continues directly 
to aseptic packaging or to an aseptic tank for intermediate storage. 

At temperature drop during production the product is diverted into a 
reject tank and the plant is flushed by water. The plant must be cleaned and 
sterilised before restart. 


Split heating 

In many cases indirect UHT plants are designed for a variable capacity 
between 50 and 100% of the nominal and are directly connected to a line of 
aseptic packaging machines. To avoid over-processing of the product if one 
of the packaging machines stops, the heating section can be divided, split, 
into subsections. 

The split heating system is illustrated in figure 9.21. At a sudden 50 % 
reduction of the flow compared with nominal, a valve (1) is activated so that 
the heating medium passes outside the first heating section (a). The tem- 
perature of the product will thus be kept at the pre-heating temperature 
(75°C) until the product reaches the second (final) heating section (b) where 
heating to the relevant UHT temperature takes place. 

The time/temperature curves in figure 9.22 show the difference in the 
heat load on the product at nominal and half capacity. The dotted line in the 
graph represents the temperature development in a system without split 
heating facilities running at 50% of nominal capacity. 


Indirect UHT plant based on tubular heat 
exchangers 


A tubular system is chosen for UHT treatment of products of low or medium 
viscosity which may or may not contain particles or fibres. The term medi- 
um viscosity is a diffuse concept, as the viscosity of a product can vary 
depending on raw material, additives and mechanical treatment. 

Soups, tomato products, fruit and vegetable products, certain puddings 
and desserts are examples of medium-viscosity products well suited to 
treatment in a tubular concept. Tubular systems are also frequently utilised 
when longer processing times are required for ordinary market milk prod- 
ucts. 

The processing principle, shown in figure 9.23, does not differ very much 
from the UHT plant with plate heat exchanger described above. Plants for 
capacities from 1 000 up to 30 000 I/h can be built. 

The tubular heat exchanger comprises a number of tubes assembled 
into modules which can be connected in series and/or in parallel to offer a 
complete optimised system for any heating or cooling duty. This system can 
also be provided with a split heating arrangement. 

At temperature drop during production the product is diverted into a 
reject tank and the plant is flushed by water. The plant must be cleaned and 
sterilised before restart. 
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Indirect UHT plant based on scraped 
surface heat exchangers 


Scraped surface heaters are the most suitable type for treatment of high- 
viscosity food products with or without particles. 

A scraped surface system is based on a number of relevant heat ex- 
changers and a typical flowchart for this process is shown in figure 9.24. 
Specific hourly capacities or temperature programmes cannot be stated 
owing to the wide variation in the physical characteristics of individual prod- 
ucts. 

The product is pumped from a tank (1) by a feed pump (2) to the first 
scraped surface heater (3a). Additional heating stages (Gb) can be utilised to 
bring the product up to the desired temperature. Monitors located at differ- 
ent stages of the process check that these temperatures have been at- 
tained. 

The holding tube (4) maintains the product at the required temperature 
for a pre-determined period of time. The product is cooled with water (3c 
and 3d) and chilled water (Se) until it reaches packaging temperature. 
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ig. 9.24 Indirect UHT system based on scraped surface heat T rl 
exchangers. 
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Fig. 9.23 Indirect UHT system based 
on tubular heat exchangers. 


1 Balance tank 

2 Feed pump 

3 Tubular heat exchanger 
8a Preheating section 

8b Medium cooling section 
3c Heating section 

3d Regenerative cooling section 
8e Start-up cooling section 

4 Non-aseptic homogeniser 
5 Holding tube 

6 Steam injection head 

7 Aseptic tank 

8 Aseptic filling 


1 Product tank 

2 Positive feed pump 

3 Scraped surface 
heat exchangers 

3a Preheating section 

3b Final heating section 

3c Cooling section 

3d Cooling section 

3e Cooling section 

4 Holding tube 

5 Positive pump 

6 Aseptic tank 

7 Aseptic filling 
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Finally, the cooled product is pumped to an aseptic buffer tank (6) which 
provides a buffer volume between the continuous process line and the 
packaging system. 

Failure to meet the pre-set values automatically opens a return valve to 
direct the product to a reclaim tank. 


Aseptic tank 


The aseptic tank, in figure 9.25, is used for intermediate storage of UHT 
treated dairy products. Product flow and service media connections are 
shown in figure 9.26. It can be used in different ways in UHT lines, de- 
pending on plant design and the capacities of the various units in 
the process and packaging lines. Two examples are shown in 
figures 9.27 and 9.28. 
e |f one of the packaging machines incidentally stops the aseptic 
tank take care of the surplus product during the stoppage. 
e Simultaneous packaging of two products. The aseptic 
tank is first filled with one product, sufficient to last for a full 
shift of packaging. Then the UHT plant is switched over to 
another product which is packed directly in the line of 
packaging machines. 
One or more aseptic tanks included in the production line thus 
offer flexibility in production planning. 


a 
Fig. 9.25 Aseptic tank with accessories. 
Compressed air 
mums Sieam 
Fig. 9.26 The product flow and service media man Cooling water 
connections in an aseptic tank system. Valve cluster 
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Fig. 9.28 Aseptic tank used as an intermediate storage 
tank for one product while a second product is pro- 
cessed and packed. 


Fig. 9.27 Aseptic tank used as a buffer for packing one product. 
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Direct packaging from a UHT plant requires recirculation of a minimum 
extra volume of 300 litres per hour to maintain a constant pressure to the 
filling machines. Products which are sensitive to overtreatment cannot toler- 
ate this and the required overcapacity must then be fed from an aseptic 
tank. 

The optimum arrangement must thus be decided for each individual 
process with UHT plants, aseptic tanks and aseptic packaging machines. 


Sorsan OF 
PACIGO Mat ff 


Aseptic packaging 

Aseptic packaging has been defined as a procedure consisting of sterilisa- 
tion of the packaging material or container, filling with a commercially sterile 
product in a sterile environment, and producing containers which are tight 
enough to prevent recontamination, i.e. which are hermetically sealed, figure 
9.29. 

For products with a long non-refrigerated shelf life the package must 
also give almost complete protection against light and atmospheric oxygen. 
A milk carton for long life milk must therefore be provided with a thin layer of 
aluminium foil, sandwiched between layers of polyethylene plastic. 

The term "aseptic" implies the absence or exclusion of any unwanted 
organisms from the product, package or other specific areas, while the term 
"hermetic" is used to indicate suitable mechanical properties to exclude the 
entry of bacteria into the package or, more strictly, to prevent the passage 
of micro-organisms and gas or vapour into or from the container. 


UHT pilot plants 


Special pilot plants are available for testing new, interesting products. In 
these plants it is possible to study the effects of varying technological pa- 
rameters related to the UHT process, such as temperature programs, hold- 
ing times, heating method (direct or indirect) and de-aeration or no de- 
aeration as well as homogenising pressures and temperatures. Many tech- 
nological parameters are related to the product, for example recipes, ingre- 
dients, pretreatment, etc. 

These product parameters are just as 
important as the process parameters, 
and successful development of a new 


UHT product requires that all of them are 


studied together. At the same time the 
pilot plant can be used to study heat- 
related properties of the product such as 
stability, sensitivity, and heat resistance of 
spores. 

Many laboratories in the food and sta 
dairy industry have installed UHT pilot | 9 lies 


TT 


plants. Such plants are also found in | 
schools, universities and other scientific | 
institutions which are interested in food Ta 
and dairy technology. Some manufactur- | 
ers of UHT plants also have pilot plants 
for research and trials with customers’ U 
products. 

The complete UHT plant can consist 
of one module for indirect heating in 
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Fig. 9.30 UHT pilot plant based on 
tubular heat exchangers. 
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1 Balance tank 

2a Tubular preheater 
2b Tubular heater 
2c Tubular cooler 
2d Tubular cooler 

3a Plate pre-heater i 
3b Plate heater 

3c Plate cooler 3a 

3d Plate cooler D 


plate heat exchangers and additional modules for direct heating, tubular 
heating and homogenisation. The flow chart in figure 9.31 illustrates a pilot 
plant for indirect heating in plate heat exchangers, or alternatively in a tubu- 
lar heat exchanger, and additional modules for direct heating and homoge- 
nisation of the product, either upstream (non-aseptic, 5a) or downstream 
(aseptic, 5b). 


4a Direct steam injection 
4b Holding tube 
4c Vacuum chamber 


5 4d Condensor 5b 
a 5a Non-aseptic homogeniser ; - 
5b Aseptic homogeniser 7 e 


3b 3c 3d 


4 opt 2c Î toa’ 
Ji Ih i | tae! 


3 


4 t 4 $ | t 


2. 


j 


4b 


a S 4d Milk 

Steam 
Cooling water 
Hot water 
Vapour 


Vacuum and 


condensate 


Fig. 9.31 Process flow chart for UHT pilot plant including indirect heating in plate 
heat exchangers or tubular heat exchangers and direct heating module (within 
broken line) as well as aseptic and non-aseptic homogenisation alternatives. 
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Chapter 10 


Cultures and starter 
manufacture 


Bacteria cultures, known as starters, are used in the manufacture of yog- 
hurt, kefir and other cultured milk products as well as in buttermaking 
and cheesemaking. The starter is added to the product and allowed to 
grow there under controlled conditions. In the course of the resulting 
fermentation, the bacteria produce substances which give the cultured 
product its characteristic properties such as acidity (pH), flavour, aroma 
and consistency. The drop in pH, which takes place when the bacteria 
ferment lactose to lactic acid, has a preservative effect on the product, 
while at the same time the nutritional value and digestibility are improved. 
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Cultured dairy products have different charac- 
teristics, and different starter cultures are 
therefore used in their manufacture. Starter 
cultures can be classified according to their 
preferred growth temperatures: 
e Mesophilic bacteria - optimal growth 
temperatures of 20 to 30°C 
e  Thermophilic bacteria - optimal growth 
temperatures of 40 to 45°C 
The cultures may be of: 
e — Single-strain type (containing only one 
strain of bacteria); 
e Multiple-strain type (a mixture of several strains, each with its own 
specific effect). 
Mesophilic bacteria cultures can be further divided into O, L , D and 
LD cultures. Table 10.1, reproduced from the Bulletin of the IDF 
(263/1991), lists the new and old names of various cultures. The old 


Fig. 10.1 Bacteria in yoghurt: Lactobacillus 
bulgaricus, left, and Streptococcus thermophilus. 


Table 10.1 


names are used in this chapter. 


New and old names of various starters and their uses 


Type Old Name 


Mesophillic 
(0) Streptococcus cremoris 
Streptococcus lactis 


L* Streptococcus cremoris 
Streptococcus lactis 
Leuconostoc citrovorum 
Leuconostoc lactis 

D** Streptococcus cremoris 
Streptococcus lactis 
Streptococcus diacetylactis 


LD Streptococcus cremoris 
Streptococcus lactis 
Streptococcus diacetylactis 
Leuconostoc citrovorum 
Leuconostoc lactis 


Thermophillic 
Streptococcus thermophilus 
Lactobacillus bulgaricus 


Streptococcus thermophilus 
Lactobacillus helveticus 
Lactobacillus lactis 


* L = Leuconostoc 


New name 


Lactococcus lactis ssp. cremoris 
Lactococcus lactis ssp. lactis 


Lactococcus lactis ssp. cremoris 


Lactococcus lactis ssp. lactis 
Leuconostoc mesenteroides ssp. cremoris 
Leuconostoc lactis 


Lactococcus lactis ssp. cremoris 
Lactococcus lactis ssp. lactis 


peak 


Citt Lactococci 


Lactococcus lactis ssp. cremoris 


Lactococcus lactis ssp. lactis 
Cit* Lactococci*** 
Leuconostoc mesenteroides ssp. cremoris 


Leuconostoc lactis 


Streptococcus Ssalivarius ssp. thermophilus 
Lactobacillus delbrueckii ssp. bulgaricus 


Streptococcus salivarius ssp. thermophilus 
Lactobacillus helveticus 
Lactobacillus delbrueckii ssp. lactis 


** D = diacetylactis 


Product 


Cheddar cheese 
Feta cheese 
Cottage cheese 
Quarg 


Continental cheese 
(with eyes) 


Lactic butter 
Feta cheese 


Lactic butter 


Continental cheese 
(with eyes) 

Mould ripened cheese 
Cultured buttermilk 
Lactic butter 


Yoghurt 
Mozzarella cheese 


Emmental cheese 
Grana cheese 


** Citt = Abbreviation for citrate which is metabolised to flavour and aroma compounds 
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Some Str. diacetylactis bacteria are such powerful acidifiers that they can 
be used alone as acidifying cultures, but they are used primarily together 
with Str cremoris/lactis. It is not however possible to use a pure Leuc. citro- 
vorum culture, because growth of Leuc. citrovorum in milk is conditional 
upon the availability of nutrients produced by Str. lactis or Str. cremoris. 
Leuc. citrovorum grows very slowly in milk in the absence of acid-producing 
bacteria, and cannot produce aroma substances in such conditions. 

Such bacterial characteristics as optimum growth temperature and salt 
tolerance are very important in the composition of a culture. The purpose of 
the component strains is to produce the desired result in symbiosis, not to 
compete with each other. Their characteristics must therefore be comple- 
mentary in these respects. Table 10.2 lists essential data for some impor- 
tant culture bacteria. 


Table 10.2 
Characteristics of some important culture bacteria 


Bacterium Optimum Max salt Acid Citric 
(old name) growth tolerance formation, acid 
temp, °C for growth, % ferment. ferment. 
% 


| Streptococci 
Str. lactis about 30 4-6.5 0.8-1.0 — 
Str. cremoris 25-30 4 0.8-1.0 - 
Str. diacetylactis about 30 4-6.5 0.8-1.0 + 
Str. thermophilus 40 - 45 2 0.8-1.0 - 
Leuc. citrovorum 20-25 - small + 
Il Lactobacilli 
Lb. helveticus 40 - 45 2 2.5-3.0 - 
Lb. lactis 40-45 2 15-20 = 
Lb. bulgaricus 40 - 50 2 1.5-2.0 - 
Lb. acidophilus 35 — 40 - 1.5-2.0 - 


Dairies normally buy ready-mixed starters - commercial cultures — from 
special laboratories. These laboratories put much effort into research and 
development to compose special cultures for a given product, e.g. butter, 
cheese and a great number of cultured milk products. Thus the dairies can 
obtain cultures with selected properties for specific product characteristics 
such as texture, flavour and viscosity. 
The dairies can buy the commercial cultures in various forms: 
e Liquid, for propagation of mother culture (nowadays fairly rare). 
e Deep-frozen, concentrated cultures for propagation of bulk starter. 
e Freeze-dried, concentrated cultures in powder form, for propagation of 
bulk starter. 
e Deep-frozen, superconcentrated cultures in readily soluble form, for 
direct inoculation of the product. 


Stages of propagation 
In recent years concentrated cultures have generally been used for direct 
manufacture of a bulk starter, see figure 10.2, as well as for direct use in 
production. Future handling of cultures will most probably be based on 
specially designed, concentrated cultures that can be used direct in pro- 
duction without any further propagation at the dairy. 

There are however many dairies that still propagate their own bulk start- 
ers in successive stages via a mother culture, as shown in figure 10.3; the 
technique will therefore be described here. 
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Fig. 10.2 Bulk starter manufactured 
from freeze-dried or frozen commercial 


cultures. 


Fig. 10.3 Steps in the manufacture of 


Starters. 


1 


2 
3 
4 


Commercial culture 
Mother culture 


Intermediate culture 


Bulk starter 
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Fig. 10.4 Block diagram of starter 
manufacture. 


The process may involve two or more stages. Cultures in various stages 
of propagation are known by the following names: 
e Commercial culture, master culture — the original culture that the dairy 
buys from the laboratory. 
e Mother culture — the culture prepared from master culture at the dairy. 
The mother culture is prepared daily and is, as the name indicates, the 
origin of all cultures made at the dairy. 
e Intermediate culture — an intermediate step in the manufacture of large 
volumes of bulk starter. 
e Bulk starter — the starter used in production. 


Process technology 


Starter manufacture is one of the most important and also one of the most 
difficult processes in the dairy. Production failures can result in heavy finan- 
cial loss, as modern dairies process large quantities of milk. 

Very careful attention must therefore be paid to the manufacturing tech- 
nology and choice of process equipment. Starter production demands the 
very highest standard of hygiene. The risk of airborne infection by yeasts, 
mould fungi and bacteriophages must be reduced to an absolute minimum. 
Mother cultures should be prepared in a separate room supplied with fil- 
tered air at a pressure slightly above normal atmospheric pressure. The 
cleaning system for the equipment must also be carefully designed to pre- 
vent detergent and sterilant residues from coming into contact with the 
cultures and spoiling them. 

Manufacture of intermediate culture and bulk starter can take place close 
to the point of production, or in the same room where the mother culture is 
prepared. Each transfer of culture to the next stage of manufacture should 
preferably take place under aseptic conditions. 


Stages in the process 


The process, presented in figure 10.4, is essentially the same for production 
of mother culture, intermediate culture and bulk starter. It comprises the 
following stages: 


heat treatment of the medium 
cooling to inoculation temperature 
inoculation 

incubation 

cooling of the finished culture 
storage of the culture 


EE] p> [mame 
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Skimmilk is the medium most frequently used for starter production, but 
reconstituted skimmilk with 9 - 12% dry matter (DM), made from top-grade 
skimmilk powder, is another alternative. 

The basic reason for using fresh or reconstituted skimmilk is that anoma- 
lies in the flavour of the culture are much more readily apparent. Fresh milk 
from selected farmers is also used in some dairies. 

A medium with constant composition, such as reconstituted antibiotic- 
free skimmilk, is more reliable than ordinary skimmilk. 

The medium can also be modified by addition of growth factors such as 
Mn?* (Manganese), example: 0.2 mg MnSO, per | culture, which is sup- 
posed to promote growth of Leuc. citrovorum. Phage-inhibiting media (PIM) 
offer an alternative for production of single-strain or multi-strain starters. 
These media contain phosphates, citrates or other chelating agents which 
make Ca% (Calcium) insoluble. The reason for doing this is that most phag- 
es require Ca% for proliferation. Removing Ca?+ from the medium protects 
the lactic acid bacteria from being infected and thus avoids failure of starter 
activity. Skimmilk powders with PIM are available on certain markets. 


Heat treatment of the medium 
The first step in starter manufacture is heat treatment of the medium. It is 


heated to 90 — 95°C and held at that temperature for 30 to 45 minutes. This 


heat treatment improves the properties of the medium through 
e destruction of bacteriophages 

e elimination of inhibitory substances 

e some decomposition of protein 

e expulsion of dissolved oxygen 

e destruction of original living micro-organisms 

Cooling to inoculation temperature 

After heat treatment the medium is cooled to inoculation temperature, 
which differs according to the type of bacteria culture used. It is important 
that the temperatures recommended by the producer of the commercial 
culture, or empirically determined optimum temperatures, are maintained. 

In propagation of multi-strain cultures, even small deviations from the 
proper incubation temperature may favour growth of one strain at the ex- 
pense of the other(s), resulting in failure to obtain the desired typical charac- 
teristics of the end product. Figure 10.6 demonstrates what happens when 
typical yoghurt bacteria are incubated at a progressive temperature range. 

Typical inoculation temperature ranges are 20 — 30°C for mesophilic 
types of bacteria and 42 — 45°C for thermophilic types. 


Inoculation 

For inoculation, a determined quantity of bacteria culture is transferred to 
the heat-treated medium after the temperature has been adjusted to the 
correct level. To prevent any deviations in the culture it is most important 
that the starter dosage, the propagation temperature and the time are kept 
constant throughout all stages — mother culture, intermediate culture and 
bulk starter. 

The amount of starter used can also affect the relative proportions of 
different bacteria which produce lactic acid and aroma substances. Varia- 
tions in the amount of starter can consequently cause variations in the 
product. Each manufacturer must therefore determine which practical con- 
ditions suit his particular production process best. Figure 10.5 illustrates 
how the amount of starter used for inoculation affects the acidifying process 
in a culture. The curves represent dosages of 0.5% and 2.5% respectively. 
The inoculation temperature is 21°C in both cases. 


Incubation 

As soon as inoculation has taken place and the starter has been mixed into 
the medium, the bacteria begin to multiply — incubation begins. The incuba- 
tion time is determined by the types of bacteria in the culture, the inocula- 
tion dosage, etc., and can vary from 3 to 20 hours. It is most important that 
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Fig. 10.5 Acid development curves for 
inoculation with 0.5% and 2.5% of a 
mesophilic culture. Incubation tempera- 
ture 21°C. 
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the temperature is carefully 
controlled and that no con- 
taminants are allowed to 
come into contact with the 
culture. 

During incubation the 
bacteria multiply rapidly and 


[MS Lactobacillus 
| a Streptococcus 


Fig. 10.6 Effect of incubation tempera- 
ture on relative counts of cocci and 
bacilli at constant dosage and incubation 


ferment lactose to lactic 
acid. A culture containing 
aroma-producing bacteria 


Incubation temperature °C 


will also produce aroma substances such as diacetyl, acetic and propionic 
acids, ketones and aldehydes of various kinds, alcohols, esters and fatty 
acids as well as carbon dioxide. 

The importance of a correct incubation temperature is illustrated in the 


time. graph in figure 10.6, which refers to a yoghurt culture. The culture contains 


two strains of bacteria, Str. thermophilus and Lb. bulgaricus, which coexist 
in symbiosis and together produce the desired characteristics of the yog- 
hurt, such as pH, flavour, aroma and consistency. Most yoghurt has a ratio 
of cocci to bacilli between 1:1 and 2:1. The bacilli must never be allowed to 


gain the upper hand, as the flavour will then be too acid. 
An example of growth of Str thermophilus and Lb.bulgarius with result- 


Acetaldehyde 


Bacteria 
Log CFU/g 


-9,5 


ing aroma formation is demonstrated in figure 10.7. 

In this context it may be mentioned that acetaldehyde is 
recognised (Pette and Lolkema, 1950 c; Schultz and Hingst, 
1954) as the principal flavour component in the flavour of 
yoghurt. A principal role in acetaldehyde production is attri- 
buted to Lb. bulgaricus, although various strains of this spe- 
cies show considerable differences. In the associated growth 
of Str. thermophilus and Lb. bulgaricus, the rate of acetalde- 
hyde production is considerably increased compared to the 


0 1 2 3 4 
st Mis Wot Micetaidehyde 


Fig. 10.7 Growth of Str. thermophilus 
and Lb. bulgaricus with resulting aroma 
development, at 2.5% inoculation. 

The curves are derived from information received from Chr 
Hansen A/S. 


Number of lactic-acid 
producing bacteria 
A 


Cooling 
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5 6 
Incubation time, 
hours 


40 
Incubation time, 

hours 
Fig. 10.8 Growth of lactic-acid produc- 


ing bacteria with and without cooling at 
the end of incubation. 


single Lb. bulgaricus species (Bottazzi & al., 1973). Thus the 

ie symbiotic relationships between these species favourably 

-6,5 influence production of acetaldehyde in the manufacture of 

yoghurt. During production of yoghurt, formation of acetalde- 

hyde does not become evident until a certain level of acidifi- 

5,5 cation, pH 5.0, has been reached. It attains a maximum at 
pH 4.2 and stabilises at pH 4.0 (A.Y. Tamime & R.K. Robin- 
son, Yoghurt - science and technology). 

The optimum aroma and flavour of yoghurt are usually 
obtained with an acetaldehyde content ranging between 23.0 and 41 ppm 
and a pH value of between 4.40 and 4.00. 

One of the factors affecting the ratio of cocci to bacilli is the incubation 
temperature. At 40°C the ratio is about 4:1, while at 45°C it is about 1:2 
(see fig. 10.6 ). The optimum temperature for inoculation (and incubation) in 
yoghurt manufacture is thus 48°C to achieve a cocci-to-bacilli ratio of 1:1, 
with a rate of inoculum of 2.5 — 3% and an incubation time of 2.5 — 3 hours. 

During the incubation period it is essential that the person responsible for 
production regularly checks acidity development and otherwise follows the 
routines found to give optimal results. 

Careful handling of all starter cultures is a very important aspect of the 
processing of cultured milk products; this task should therefore always be 
given to skilled personnel. 


Cooling the culture 
Cooling is started at an empirically determined acidity to stop bacterial 
growth and thus to preserve the activity of the culture at a high level. Figure 
10.8 demonstrates the course of events for an ordinary lactic-acid-forming 
culture inoculated with 1% mother culture at 20°C. 

Cooling to 10 - 12°C is often practised when the culture is going to be 
used within the next 6 hours. If the culture needs to be stored for an ex- 
tended period, more than 6 hours, it is advisable to cool it to about 5°C. 
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In large-scale production, or production during more than one shift, it is 
more convenient to prepare starters at regular intervals of, say, 4 hours. This 
means that active cultures are available at all times, making it easier to fol- 
low the prescribed processing schedule and to assure consistently high 
quality in the end products. 


Preservation of starters 

A great deal of research work has been done to find the best way to treat 
starters in order to preserve their activity during storage. One method is 
freezing. The lower the temperature, the better the cultures keep. Freezing 
with liquid nitrogen to -160°C and storage at that temperature preserve 
cultures very well. 

Modern forms of starter cultures - concentrated, deep-frozen or freeze- 
dried (lyophilised) — can be stored for a considerable time provided that the 
manufacturers’ recommendations are followed. 

Table 10.3 shows the recommendations issued by Chr Hansen A/S of 
Copenhagen, Denmark. 

It should be noted that deep-frozen cultures require lower storage tem- 
perature than lyophilised cultures. The former, moreover, are supplied in 
insulated polystyrene boxes packed with dry ice; time in transit should not 
exceed 12 hours. The latter, on the other hand, can be transported at tem- 
peratures up to some 20°C for up to 10 days without shortening the stated 
shelf life, provided that they are stored at the recommended temperature 
after arrival at the buyer’s premises. 


Table 10.3 
Storage conditions and shelf lives of some concentrated 
cultures. (Chr Hansen A/S, Denmark) 


Type of culture Storage Shelf life, months 
1. Freeze-dried DVS Freezer below -18°C minimum 12 
2. Deep-frozen DVS Freezer below —45°C minimum 12 
3. Freeze-dried REDI-SET Freezer below -18°C minimum 12 
4. Deep-frozen REDI-SET Freezer below -45°C minimum 12 
5. DRI-VAC Refrigator below +5°C minimum 12 


=È 


. Freeze-dried, superconcentrated culture (for direct inoculation of 
product) 

. Deep-frozen 

. Freeze-dried, concentrated culture (for preparation of bulk starter) 

. Deep-fozen, concentrated culture (for preparation of bulk starter) 

. Freeze-dried culture in powder form (for preparation of mother culture) 


oR WP 


Manufacture of cultures under 
aseptic conditions 


Since the new generation of concentrated, frozen and lyophilised cultures 
was introduced, there is no longer so much demand for the specific equip- 
ment for aseptic production of cultures in dairies. However, this does not 
mean that the need for hygiene in starter propagation can be neglected. 
The recommendations given by the suppliers of the new types of starter 
should be carefully followed to obtain optimal results. 

Where traditional starter preparation is still required, the procedure can 
be accomplished as outlined below. 

A typical system for production under aseptic conditions of a bulk starter 
via an intermediate culture, also produced under aseptic conditions, is illus- 
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Fig. 10.9 Incubator with four intermedi- 
ate containers and four compartments 
for mother culture flasks. The tempera- 
ture of the heating water bath is accu- 
rately controlled from the panel. (Labora- 
torium Wiesby, Germany.) 


Fig 10.10 Aseptic transfer of mother 
culture to intermediate culture container. 
71 Sterile filter 


2 Aseptic needle 
3 Mother culture flask 
4 Intermediate culture container 


Fig. 10.11 Aseptic transfer of interme- 
diate culture to bulk starter tank. 

. Incubator 

. Intermediate culture container 

. Bulk starter tank 

. HEPA filter 

. Air valve 

. Steam filter 

. pH measurement unit 
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trated in figures 10.10 and 10.11. The following conditions apply: 

1 The mother culture is traditionally prepared in 100 ml bottles provided 
with a cap containing a membrane. 

2 The bottle is filled with skimmilk, autoclaved, and then cooled to the 
appropriate inoculation temperature. 

3 The master culture is injected into the bottle for mother culture with a 
sterilised syringe inserted through the membrane. 

4 Following a suitable period of incubation and subsequent cooling, the 
mother culture is inoculated into the milk, usually skimmilk, used for the 
intermediate culture; the milk is first heated to a minimum of 95°C for 30 - 
45 minutes and then cooled to adequate incubation temperature. Heating 
and cooling are done in a specially designed incubator. 

5 After an appropriate incubation period and cooling to about 10 - 12°C, 
the intermediate culture is transferred by displacement with filtered air 
through a tube to the bulk starter tank. 

6 Before being inoculated the milk, often skimmilk, is heated by circulation 
of heating medium and coolant through the tank jacket. Air supplied to and 
evacuated from the the tank passes through a sterile HEPA (High Effiency 
Particle Air) filter. 


Bulk starter tanks 


The normal practice is to use two tanks in rotation for manufacture of bulk 
starter. One contains ready-made starter for use in the day’s production, 
while the starter for the following day is being prepared in the other one. 

The tanks should be of aseptic design, i.e. hermetically sealed and triple 
jacketed. They should also be capable of withstanding negative pressures 
up to 30 kPa (0.3 bar) and positive pressures up to 100 kPa (1 bar). The 
agitators should be double-sealed and powered by two-speed motors. In 
addition, they should be fitted with HEPA filters (4) to exclude airborne infec- 
tion from the air that is drawn in when the tank is cooled after cleaning and 
when the heated medium is cooled to incubation temperature. 

The bulk starter tank can be equipped with a stationary integrated pH 
meter (7) designed to withstand the great temperature differences that oc- 
cur during cleaning and heat treatment of the medium. 


= 


Milk/culture 
Air 
Steam 
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Chapter I 


Cultured milk products 


Milk products prepared by lactic acid fermentation (e.g. yoghurt) or a 
combination of this and yeast fermentation (e.g. Kefir) are called ferment- 
ed or cultured milks. The term cultured will be used in this chapter. 


Cultured milk is the collective name for products such as yoghurt, ymer, 
kefir, cultured buttermilk, filmjölk (Scandinavian sour milk), cultured cream 
and koumiss (a product based on mares’ milk). The generic name of cul- 
tured milk is derived from the fact that the milk for the product is inoculated 
with a starter culture which converts part of the lactose to lactic acid. Car- 
bon dioxide, acetic acid, diacetyl, acetaldehyde and several other substan- 
ces are formed in the conversion process, and these give the products their 
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buttermilk 


Fig. 11.1 The cultured milk products 
are like branches on family trees. 


Fig. 11.2 Mount Elbrus in the Caucasus 
mountain range is the birthplace of Kefir 
and Yoghurt. 
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characteristic fresh taste and aroma. The micro-organisms used in the 
production of kefir and koumiss also produce ethyl alcohol. 

Cultured milk originates from the Near East and subsequently became 
popular in Eastern and Central Europe. The first example of cultured milk 
was presumably produced accidentally by nomads. This milk “turned sour” 
and coagulated under the influence of certain micro-organisms. As luck 
would have it, the bacteria were of the harmless, acidifying type and were 
not toxin-producing organisms. 


A legend 


The legend tells that yoghurt and kefir were born on the slopes of Mount 
Elbrus in the Caucasus range by a miracle of Nature. Micro-organisms of 
various kinds happened to land in a pitcher of milk at the same time and at 
the right temperature, and found that they could live in symbiosis. 

On the southern slope of Mt. Elbrus, micro-organisms preferring relatively 
high temperatures, 40 — 45°C, came together in a milk pitcher that probably 
belonged to a Turkish nomad, and the result was what the Turks called 
“Yogurut”. Some sources say that this name was introduced in the 8th 
century and that it was changed in the 11th century to its present form, 
yoghurt. 

It is further claimed, however much truth there may be in the story, that 
yoghurt acts as a “preservative” against human ageing; that if you happen 
to meet a Cossack galloping along bareback in some Caucasian valley, he 
is likely to be 130 to 140 years old! 

Kefir, the legend goes on to relate, was created on the northern slope by 
a mixture of micro-organisms that are not so fond of heat. They thrive best 
at 25 — 28°C. The name kefir may be derived from the Turkish language. 
The first syllable of the name, kef, is Turkish and means pleasurable, which 
was probably the shepherd’s first comment on the flavour. 

Kefir contains several different types of micro-organisms, among which 
yeast is most famous as it is capable of forming alcohol. The maximum 
alcohol content of kefir is about 0.8% 


General requirements for 
cultured milk production 


The conversion of lactose into lactic acid has a preservative effect on milk. 
The low pH of cultured milk inhibits the growth of putrefactive bacteria and 
other detrimental organisms, thereby prolonging the shelf life of the product. 
On the other hand, acidified milk is a very favourable environment for yeasts 
and moulds, which cause off-flavours if allowed to infect the products. 
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The digestive systems of some people lack the lactase enzyme. As a 
result, lactose is not broken down in the digestive process into simpler 
types of sugars. These people can consume only very small volumes of 
ordinary milk. They can however consume cultured milk, in which the lac- 
tose is already partly broken down by the bacterial enzymes. 
In the production of cultured milk the best possible growth conditions 
must be created for the starter culture. These are achieved by heat treat- 
ment of the milk to destroy any competing micro-organisms. In addition, the 
milk must be held at the optimum temperature for the relevant starter cul- 
ture. When the best possible flavour and aroma have been achieved, the Culture 


cultured milk must be cooled quickly to stop the fermentation process. If = ni = => 
the fermentation time is too long or too short, the flavour will be impaired Pretreated |] Ss 
and the consistency wrong. milk 1 2 3 
In addition to flavour and aroma, correct appearance and consistency Fig. 11.3 Set yoghurt. 
are important features. These are determined by the choice of pre-proces- 1 Cup filler 
sing parameters. Adequate heat treatment and homogenisation of the milk, 2 Incubation room 
sometimes combined with methods to increase the MSNF content, as for 3 Rapid cooling room 


milk intended for yoghurt, are essential “ foundation- stones” for the con- 
struction of the coagulum during the incubation period. 

Some of the most important cultured milk products are described below. 
The production technique for other cultured products has many similarities; 
the pretreatment of the milk, for example, is almost the same. The process 
descriptions for other products therefore concentrate primarily on the pro- 


duction stages which differ from those in yoghurt production. A 1 3 
Fig. 11.4 Stirred yoghurt. 
1 Incubation tank 

Yo ghurt 2 Cooler 

, 3 Cup filler 

Yoghurt is the best known of all cultured-milk products, and the most popu- 

lar almost all over the world. Consumption of yoghurt is highest in ® 

countries around the Mediterranean, in Asia and in Central i TE 

Europe. Culture 

The consistency, flavour and aroma vary from one district to a 


another. In some areas yoghurt is produced in the form of a Pretreated 1 = 2 


highly viscous liquid, whereas in other countries itis in the form milk 3 4 
of a softer gel. Yoghurt is also produced in frozen form as a Fig. 11.5 Drinking yoghurt. 
dessert, or as a drink. The flavour and aroma of yoghurt differ 1 Incubation tank 
from those of other acidified products, and the volatile aromatic substances 2 Cooler 
include small quantities of acetic acid and acetaldehyde. 3 Homogeniser 
Yoghurt is typically classified as follows: 4 Filling machine 


e Set type incubated and cooled in the package, figure 11.3. 

e Stirred type incubated in tanks and cooled before packing, figure 11.4. 

e Drinking type similar to stirred type, but the coagulum is “broken down” 
to a liquid before being packed, figure 11.5. 

e Frozen type incubated in tanks and frozen like ice cream, figure 11.6. Culture 

e Concentrated incubated in tanks, concentrated and cooled before 
being packed. This type is sometimes called strained yoghurt, 


sometimes labneh, labaneh, figure 11.7. Pretreated milk 1 
Fig. 11.6 Frozen yoghurt. 
Flavoured yoghurt 1 Incubation tank 


2 Ice cream bar freezer 


Yoghurt with various flavouring and aroma additives is very 3 To hardening tunnel 


popular, although the trend back towards natural yoghurt is 
clearly discernible on some markets. Common additives are fruit and berries 
in syrup, processed or as a puree. The proportion of fruit usually about 


15%, of which about 50% is sugar. Culture 
The fruit is mixed with the yoghurt before or in conjunction with packing; J | = 
it can also be placed in the bottom of the pack before the latter is filled with 


=> 
yoghurt. Alternatively, the fruit can be separately packed in a “twin cup” ae 1 


integrated with the basic cup. Fig. 11.7 Concentrated yoghurt. 
Sometimes yoghurt is also flavoured with vanilla, honey, coffee essences, 41` Incubation tank 
etc. Colouring and sugar in the form of sucrose, glucose or aspartame, a 2 Separator 


sugar-free diet sweetener, are often added together with the flavouring. 3 Cup filler 
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Milk for yoghurt production 

must: 

e have a low bacteria count 

e not contain enzymes and 
chemical substances which 
may slow down the develop- 
ment of the yoghurt culture 

e not contain antibiotics and 
bacteriophages 
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Stabilisers may also be added to modify the consistency when necessary. 
The additives increase the DM content of the finished yoghurt; a typical 
composition for fruit yoghurt is: 


e Fat 0.5 - 3.0 % 
e Lactose 3 - 45% 
e Milk solids non fat (MSNF) 11 -13 % 
e Stabiliser (if used) 0.3 - 0.5% 
e Fruit 12 -18 % 


Factors affecting the quality of yoghurt 
Numerous factors must be carefully controlled during the manufacturing 
process in order to produce a high-quality yoghurt with the required flavour, 
aroma, viscosity, consistency, appearance, freedom from whey separation 
and long shelf life: 

Choice of milk 

Milk standardisation 

Milk additives 

Deaeration 

Homogenisation 

Heat treatment 

Choice of culture 

Culture preparation 

Plant design 

Pretreatment of the milk thus includes a number of measures which are all 
very important to the quality of the end product. The mechanical treatment 
to which yoghurt is subjected during production also affects its quality. 


Choice of milk 

Milk intended for yoghurt production must be of the highest bacteriological 
quality. It must have a low content of bacteria and substances which may 
impede the development of the yoghurt culture. The milk must not contain 
antibiotics, bacteriophages, residues of CIP solution or sterilising agents. 
The dairy should therefore obtain the milk for yoghurt production from se- 
lected, approved producers. The milk must be very carefully analysed at the 
dairy. 


Milk standardisation 
The fat and dry solids contents of the milk are normally standardised ac- 
cording to the FAO/WHO code and principles described below. 


Fat 

Yoghurt may have a fat content of O to 10 %. A fat content of 0.5 — 3.5% is 
however the most usual. Yoghurt can be classified in the following groups 
according to the FAO/WHO code and principles: 


e Yoghurt Min. milk fat 3 % 
e Partially skimmed yoghurt Max. milk fat lessthan 3 % 

Min. milk fat more than 0.5 % 
e Skimmed yoghurt Max. milk fat 0.5 % 


Dry matter (DM) content 

According to the FAO/WHO code and principles the minimum MSNF is 
8.2%. An increase in the total DM content, particularly the proportion of 
casein and whey proteins, will result in a firmer yoghurt coagulum, and the 
tendency to whey separation will then be reduced. 

The most common ways to standardise the DM content are: 
Evaporation (10 — 20 % of the milk volume is normally evaporated). 
Addition of skimmilk powder, usually up to 3%. 

Addition of milk concentrate. 

Addition of UF retentate from skimmilk. 
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Milk additives 


Sugar or sweeteners and stabilisers may be used as additives in yoghurt 
production. 


Sugar or sweetener 

The disaccharide sucrose, or a monosaccharide such as glucose, can be 
added alone or in conjunction with fruit addition. To satisfy dieters, among 
whom diabetics are an important category, sweeteners should be used. A 
sweetener has no nutritive value but tastes very sweet even in very small 
doses. (Note that a sweetener cannot be used as a preservative for sweet- 
ened condensed milk.) 

The fruit in question usually contains about 50% sugar or a correspond- 
ing amount of a sweetener, so the required sweetness can normally be 
supplied by adding 12 to 18% fruit. 

It should be noted that adding too much sugar (more than 10%) to the 
milk before the inoculation/incubation period has an adverse effect on fer- 
mentation conditions because it changes the osmotic pressure of the milk. 


Stabilisers 
Hydrophilic colloids can bind water. They increase the viscosity and help to 
prevent whey separation in yoghurt. The type of stabiliser and the rate at 
which it should be added must be determined experimentally by each man- 
ufacturer. The product may acquire a rubbery, hard consistency if the 
wrong stabiliser, or an excess of stabiliser, is used. 

Correctly produced, natural yoghurt requires no addition of stabilisers, as 
a firm, fine gel with a high viscosity will occur naturally. Stabilisers can be 
used in fruit yoghurts and must be used in pasteurised yoghurt. Stabilisers 
(0.1 - 0.5 %) such as gelatin, pectin, starch and agar-agar are the most 
commonly used substances. 
Stabilisers for yoghurt are: 
gelatin 
pectin 
agar-agar 
starch 


Deaeration 
The air content of the milk used to make cultured milk products should be 
as low as possible. Some admixture of air is however unavoidable if the 
MSNF content is increased by addition of milk powder. If this is done, the 
milk should be deaerated as part of the subsequent processing. 

When the MSNF content is increased by evaporation, deaeration is a 
part of that process. 


Table 11.1 
Influence of homogenisation and heat treatment 


on the viscosity of a cultured milk (Swedish filmjölk). 


Pressure Viscosity = flow-off time in seconds at 20°C 
at 60°C Ordinary past. milk Highly heated milk 

MPa (72°C/20 sec) (95°C/5 min) 
O 5 180) 
25 5.6 14.6 
5.0 Tal oes 
m3 8.0 19.0 
10.0 8.9 22.1 
15.0 10.4 28.7 
20.0 We 30.2 
30.0 13.8 32.7 


By courtesy of the Swedish Dairies Association (SMR), dept. C-lab., Malmö/Lund, Sweden. 
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Fig 11.8 The SMR viscosimeter. 
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The advantages gained through deaeration are: 

e Improved working conditions for the homogeniser. 
e Less risk of fouling during heat treatment. 

e Improved stability and viscosity of the yoghurt. 

e Removal of volatile off-flavours (deodorisation). 


Homogenisation 

The main motives for homogenising milk intended for cultured milk produc- 
tion are to prevent creaming during the incubation period and to assure 
uniform distribution of the milk fat. 

Homogenisation also improves the stability and consistency of cultured 
milks, even those with low fat contents. 

Homogenisation with subsequent heating at high temperature, usually 
90 - 95°C for about 5 minutes, has a very good influence on the viscosity. 

Table 11.1 illustrates the dual influence on the viscosity of a cultured milk 
(Swedish filmjölk; 3% fat and about 8.7% MSNF) when it is pre-treated at 
various homogenisation pressures and heating temperatures. The homoge- 
nisation temperature is 60°C in all cases. 

The viscosity is measured with a simple viscosimeter (SMR viscosimeter) 
at 20°C, and the result is given in seconds for 100 ml of product to pass a 
nozzle of a certain diameter. Figure 11.8 shows a viscosimeter provided 
with exchangable nozzles, each of a diameter of between 2 and 6 mm. 

The viscosity of full-stream homogenised milk runs parallel to the ho- 
mogenisation pressure regardless of whether it has been subjected to ordi- 
nary heat treatment or not. The table also shows that high-temperature heat 
treatment makes the product more viscous. 

As a general recommendation, the milk should be homogenised at 20 — 
25 MPa and 65 — 70°C to obtain optimum physical properties in the prod- 
uct. Homogenisation is frequently utilised even in production of low-fat 
cultured milks. 

The question of single or double stage homogenisation is sometimes 
discussed. Generally speaking, this is a matter of the design of the homo- 
genisation system and of the homogeniser head in particular. 


Heat treatment 
The milk is heat treated before being inoculated with the starter in order to: 
e improve the properties of the milk as a substrate for the bacteria culture. 
e ensure that the coagulum of the finished yoghurt will be firm. 
e reduce the risk of whey separation in the end product. 
Optimum results are achieved by heat treatment at 90 — 95°C and a holding 
time of about 5 minutes. That temperature/time combination denatures 
about 70 — 80% of the whey proteins. In particular the B-lactoglobulin, 
which is the principal whey protein, interacts with the «-casein, thereby 
helping to give the yoghurt a stable “body”. 

UHT treatment and sterilisation of milk intended for culturing do not, 
however, have the same favourable influence on viscosity, for reasons not 
yet fully understood. 


Choice of culture 
Culture laboratories now use advanced techniques to produce customised 
yoghurt cultures to satisfy specific flavour and viscosity requirements. Some 
examples of end-product properties that can be achieved are: 
e High viscosity with low acetaldehyde content and 

a fairly high final pH. 
e Low viscosity and medium acetaldehyde content, 

suitable for drinking yoghurt, etc. 


Culture preparation 

The handling of the starter for production of yoghurt (and all other cultured 
milks) demands maximum precision and hygiene. The basic methods of 
traditional culture preparation and new trends are discussed in chapter 10, 
“Cultures and starter manufacture”. 
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However, it should once again be emphasised that concentrated, frozen 
and freeze-dried cultures are now avaible on the market and are being more 
and more widely used. This saves the need to invest in a separate culture 
room — a saving which must be offset against subscription costs and the 
cost of providing adequate storage facilities for the cultures. The greatest 
advantage, however, is that direct inoculation of milk with a concentrated 
culture minimises the risk of contamination, as the intermediate stages of 
propagation are excluded. 


Plant design 

The coagulum formed during fermentation is sensitive to mechanical treat- 
ment. This makes the selection and dimensioning of pipes, valves, pumps, 
coolers, etc. very important. 


— > 
= -~ SS 
5 f= + th 2 t aii t 
= f | < N NS N N 3 
$ | A ix 
1 aD z our 4 
F A S9 = 4 
| 
Fig. 11.9 General pre-treatment for cultured milk products. 
1 Balance tank 
š 7 2 Plate heat exchanger 
Production lines 3 Evaporator 
The pretreatment of the milk is the same, regardless of whether set or 4 Homogeniser 
stirred yoghurt is to be produced. It includes standardisation of the fat and 5 Holding tube 
DM contents, heat treatment and homogenisation. 

Figure 11.9 shows an example of the design of a process line for yoghurt 
production. The milk storage tanks, from which the milk is pumped to the = (Milk/yoghurt 
process line, are not shown in the figure. It is assumed that the milk has ——— — Me 
been standardised to the required fat content before entering the line. Inthe === neaung meola 

mum Vapour 


example, standardisation of the DM content takes place in an evaporator in 
the process line. If the DM content is adjusted by addition of milk powder, 
the equipment used is similar to that described under “Recombined milk” in 
chapter 18. The milk, increased in DM by milk powder addition, should 
preferably be deaerated to reduce the risk of whey separation. 

Any additives, such as stabilisers, vitamins, etc., can be metered into the 
milk before the heat treatment. From the balance tank the milk is pumped 
to heat exchanger (2), where it is first preheated regeneratively to about 
70°C and then heated to 90°C in the second section. 


Evaporation 
From the heat exchanger the hot milk flows to vacuum vessel (3), where 10 
— 20% of the water in the milk is evaporated. The proportion depends on 
the required DM content of the milk. If 10 - 20% of the milk is evaporated, 
the total DM content will be increased by about 1.5 — 3.0%. The degree of 
evaporation is controlled by the temperature of the milk at the inlet to the 
vacuum vessel, the circulation rate through the vessel and the vacuum in 
the vessel. Some of the water evaporated from the product is used to pre- 
heat the incoming milk. This improves the thermal economy of the plant. 

A certain amount of milk must be recirculated through the vacuum vessel 
in order to obtain the desired degree of evaporation. Each passage evapo- 
rates 3 - 4% water, so to obtain 15% evaporation, the recirculated flow 
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must be four to five times the capacity of the pasteuriser. The milk tempera- 
ture drops from 90°C to about 70°C during evaporation. 

The evaporation equipment described is designed for capacities up to 
about 8 000 I/h. Larger evaporators of the falling-film type are used for 
higher capacities — up to 30 000 I/h. 

Evaporation of 10 — 20% of the milk volume increases the DM content in 
the milk by 1.5 - 3.0%. 


Homogenisation 
After evaporation the milk continues to homogeniser (4) and is homoge- 
nised at a pressure of approx. 20 — 25 MPa (200 — 250 bar). 


Pasteurisation 

The homogenised milk flows back through the regenerative section to the 
pasteurisation section of heat exchanger (2) and is reheated to 90 - 95°C. 
The milk then flows to a holding section dimensioned for a holding time of 5 
minutes. 

Other time/temperature programs can be used. The tubular holding 
section shown in figure 11.10 offers a holding efficiency of 90 — 95%, which 
iS appreciably higher than when one holding tank is integrated in a continu- 
ously operated plant. 

The procedure in plants with a holding tank is as follows: 

The holding tank is by-passed during the startup period until all parame- 
Fig. 11.10 Tubular holding section. ters have been reached and all water has been displaced from the plant. 
Production is then started by routing the hot milk to the holding tank, whose 
outlet valve remains closed for 30 minutes. The milk enters the tank at the 
top. 

When the 30 minutes have passed, the outlet valve is opened and the 
hot milk is pumped to the downstream side of the pasteuriser at the same 
rate as the filling rate. From here on the process is continuous. This system 
offers a holding efficiency of 12 - 15%, say 13%, i.e. an average holding 
time of 13x30/100 = 3.9 minutes, approx. 4 minutes. The arrangement with 
one holding tank creates some plant design problems because milk flows 
only on the upstream side of the plates during the first half hour of filling, 
resulting in disturbance of the temperature program. However, the problem 
can be overcome with a more complicated plant solution. 


Cooling the milk 

After pasteurisation the milk is cooled, first in the regenerative section and 
then with water, to the desired inoculation temperature, typically 40 — 45°C 
or, if set yoghurt is to be produced and the pre-treatment capacity does not 
match the packing capacity, to a temperature below 10°C, preferably 5°C. 


Set Type Stirred Type Drink Type 


Fig. 11.11 Block diagram showing production steps for set, stirred and drinking yoghurt. 
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Design of the yoghurt plant Frozen yoghurt 
When the yoghurt milk has been pretreated and cooled to inoculation tem- Pre-treated milk/icecream m 
perature, the procedure for further treatment depends on whether set, 
stirred, drink, frozen or concentrated yoghurt is to be produced. The block 
diagrams in figures 11.11 - 11.13 show the various production stages for 
each process. [irtenean 

The quality of the yoghurt in terms of texture and flavour depends on the 
design of the plant, the treatment of the milk and the treatment of the prod- ies em 
uct. Modern plants are designed to satisfy demands for high production, 
continuous treatment and high quality. The level of automation varies, and 
complete CIP systems are normally integrated into the plants. 

The level of automation is usually high in large-scale production. Exces- 
sive mechanical treatment of the product must be avoided, as it may cause 
product defects such as thin consistency and whey separation. The total 
volume of treatment to which the product is subjected must be taken into 
consideration when the plant is designed. The choice of suitable equipment 
and the matching and optimisation of the plant are consequently a question 
of achieving a suitable balance between cost and quality. Concentrated yoghurt 

In modern plants, stirred and set types of yoghurt are often produced 
concurrently. In the production of set yoghurt the product flow is continu- 
ously controlled from the point where the milk is accepted in the pretreat- 
ment section to the packaging of the product. In the production of stirred 
yoghurt, the pretreatment of the milk is continuous up to the point at which 
it is pumped into the incubation tanks, to which the bulk starter is added. 
The continuity is interrupted by the time-consuming incubation, which must 
be free from any physical disturbance. 


Fig. 11.12 Block diagram showing 
production steps for frozen yoghurt. 


Stirred yoghurt 
A typical plant for continuous production of a relatively large volume of Fig. 11.13 Block diagram showing 
stirred yoghurt is shown in figure 11.14. production steps for concentrated 


The pretreated milk, cooled to incubation temperature, is pumped to the yoghurt. 


Milk/yoghurt 
Cooling media 
Heating media 
Vapour 
Culture 
Fruit/flavour 


Pre-treatment is 
shown in detail in 
figure 11.9 

6 Bulk starter tanks 
7 Incubation tanks 
8 Plate cooler 

9 Buffer tanks 

10 Fruit/flavour 

11 Mixer 

12 Packaging 


Fig. 11.14 Production line for stirred yoghurt. 
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Fig. 11.15 Fruit mixer built into the pipe. 
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incubation tanks (7) in succession. Simultaneously a preset volume of bulk 
starter (6) is dosed into the milk stream. After a tank has been filled, agita- 
tion commences and continues for a short time to assure uniform distribu- 
tion of the starter culture. 

The incubation tanks are insulated to ensure that the temperature re- 
mains constant during the incubation period. The tanks can be fitted with 
pH meters to check the development of acidity. 

In typical production of stirred yoghurt the incubation period is 2.5 to 3 
hours at 42 — 48°C when the ordinary type of bulk starter (2.5 - 3% inocu- 
lum) is utilised. The short incubation time indicates that the multiplication 
(generation) period is fast. For typical yoghurt bacteria the generation period 
is some 20 - 30 minutes. To attain optimum quality conditions, cooling to 
15 — 22°C (from 42 — 48°C) should be accomplished within 30 minutes after 
the ideal pH-value has been reached to stop further developement of bac- 
teria. (Where concentrated, frozen or freeze-dried cultures are added direct- 
ly to the yoghurt incubation tanks, a longer incubation time, 4 — 6 hours at 
43°C, is necessary on account of the longer lag phase). 


Cooling the coagulum 

In the final stage of incubation, when the required pH (normally about 4.2 — 
4.5) has been reached, the yoghurt must be cooled to 15 — 22°C. This 
stops temporarily any further increase in acidity. At the same time the coag- 
ulum must be subjected to gentle mechanical treatment so that the final 
product will have the correct consistency. 

Cooling takes place in a plate heat exchanger (8) with special platage. 
This ensures gentle mechanical treatment of the product. The capacities of 
pump and cooler are dimensioned to empty a tank in 20 — 30 minutes in 
order to maintain a uniform product quality. If cultures with other fermenta- 
tion curves are utilised, which may have an influence on the incubation time, 
the cooling time should be adapted in view of that. 

The cooled yoghurt is pumped to buffer tanks (9) before being routed to 
the filling machine(s) (12). 


Flavouring 

After cooling to 15 — 22°C, the yoghurt is ready for packing. Fruit and vari- 
ous flavourings can be added (10) to the yoghurt when it is transferred from 
the buffer tanks to the filling machines. This is done continuously with a 
variable-speed metering pump which feeds the ingredients into the yoghurt 
in the fruit blending unit shown in figure 11.15. The blending unit is static 
and hygienically designed to guarantee that the fruit is thoroughly mixed into 
the yoghurt. The fruit metering pump and the yoghurt feed pump operate 
synchronously. 

The fruit additives can be: 

e sweet, normally 50- 55% ordinary sugar content; 
e natural, unsweetened. 

The fruit should be as homogeneous as possible. A thickener in the form 
of pectin can be added. The proportion of pectin is hardly ever higher than 
0.5%, which corresponds to 0.05 — 0.005% of pectin in the 
end product. 

Proper heat treatment is an extremely important stage 
in the pretreatment of fruit additives. Scraped-surface heat 
J exchangers, or tanks with scraper units, can be used for 
adequate pasteurisation of whole berries or fruit with solid 
particles. The temperature program should be such that all vegeta- 
tive micro-organisms are inactivated without impairing the taste and texture 
of the fruit. Continuous production, with rapid heating and cooling, is there- 
fore important with regard to product quality and economic aspects. Fol- 
lowing the heat treatment it is important that the fruit is packed in sterilised 
containers under aseptic conditions. Deterioration of cultured milk products 
is too often caused by reinfection from inadequately treated fruit. 
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Viscosity 


Packing 

Various types of filling machines are used to pack yoghurt. The sizes of the 
packages vary from one market to another. In general the total packing 
capacity should match the capacity of the pasteurisation plant, so as to 
obtain optimal running conditions for the plant as a whole. 


Plant design 
As mentioned, the plant design is one important factor affecting the quality 
of the yoghurt and, of course, all other cultured products. 


Treatment progression 


Fig.11.16 Viscosity development of stirred yoghurt during cooling, packing and 
cold storage. 
A Optimum plant design B Badly designed plant 


Figure 11.16 shows curves for the development of viscosity in stirred yog- 
hurt from the moment it leaves the incubation tank, via packing and up to 
about 10 hours in cold storage. 

Curve A represents the ideal situation when all operations that influence 
the structure and viscocity are optimised. 

It is inevitable that the product will become less viscous while being 
treated, since yoghurt belongs to the class of products with thixotropic flow 
behaviour, but if all parameters and equipment are fully optimised the vis- 
cocity will be almost fully regenerated and the tendency to syneresis mini- 
mised. 

Curve B shows the result when the product has been maltreated en 
route from the incubation tank up to packaging and cold storage. 


Set yoghurt 

In order to reduce installation costs it is possible to use the same plant for 
production of both stirred and set yoghurt. The pre-treatment of the milk 
intended for either product is identical up to cooling down to incubation 
temperature. Figure 11.17 shows how this kind of production can be ar- 
ranged. The starter is metered into the stream of milk as it is pumped from 
an intermediate storage tank to the filling machine. 


Flavouring/Packaging 

Flavouring can be continuously metered into the milk stream prior to the 
filling machine. If fruit or additives with particles should be added these have 
to be dosed into the packages or cups first before they are filled with inocu- 
lated milk. It is, however, important to remember that additives with low pH 
have a negative influence on fermentation. 
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Pre-treatment is shown in detail 


Milk/yoghurt SS 
Cooling media Fig. 11.17 Production line for set yoghurt. 


Heating media 

Vapour z š 

Culture An alternative production system 

Fruit/flavour Another and more frequently used system for production of set yoghurt is 


illustrated in figure11.18. This system offers flexibility in production planning 
because it is not necessary to match pre-treatment capacity to packing 


in figure 11.9 p 

6 Bulk starter tanks capacity. ; , ; : 

7 Buffer tanks The milk, pretreated in the same way as for stirred yoghurt, is cooled to a 
8 Aroma tank temperature of less than 10°C, preferably to 5°C, and pumped into one, 

9 Mixer two or more tanks (1). Following inoculation and thorough stirring, the milk 


10 Packaging 
11 Incubation 


No 
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is ready to be heated in-line (2) to incubation temperature before being 
packed (4) in containers. 

Bulk starter culture can also be added in-line prior to heating to incuba- 
tion temperature. 


Flavouring/Packing 
The peviously described flavouring (3) and packing process is also applica- 
ble to the alternative system. 


Culture 
Milk 
Cooling media rr. 
Heating media => A 
cir A 
Culture l om 
Flavour lie O 
Î = 
2 To incubation 
3 chamber 
Pretreated 
milk 
1 Incubation tank 
2 Plate heat exchanger 
3 Flavour Fig. 11.18 Final steps in set yoghurt production, this system gives greater flexibility 
4 Packaging in production planning. 
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Fig. 11.19 Combined incubation room and cooling tunnel. 


Incubation and cooling 

Following packaging the packages, after crating and palletising, are trucked 
into either of two systems for incubation and subsequent cooling viz.: 

e Combined incubation/cooling chamber when the pallets are stationary 
through both incubation and cooling before being trucked to the final chill- 
ing store. 

e An incubation room able to accomodate a large number of filled pallets. 
After adequate incubation the pallets are trucked to a conveyor passing 
through the cooling sections enclosed in a tunnel. This system offers "con- 
tinuous" cooling and is illustrated in figure 11.19. 


Incubation 

The filled packages/containers are placed in crates of open design and at a 
certain distance from each other so that the circulating warm/cold air for the 
incubation and cooling room or chamber can reach every individual contain- 
er. The crates are normally stacked on pallets, which are then trucked into 
the incubation room. This ensures uniform quality, provided that the tempe- 
rature is accurately controlled. 


Cooling 

When the empirically determined optimum pH (typically 4.5) is reached, it is 
time to start cooling. The normal target temperature is 18 — 20°C; it is im- 
portant to stop further growth quickly, which means that a temperature of 
about 35°C should be reached within 30 minutes, and 18 — 20°C after 
another 30 — 40 minutes. 

Final cooling, normally down to 5°C, takes place in the chill store, where 
the products are held to await distribution. 

Cooling efficiency depends on the size of the individual package, the 
design and material of the packages, the depth of the crate stack, the 
spacing between individual packages in each crate, and the design of the 
crates. 

At a depth of one (1) metre, for example, the free cross section of the 
stack for air-flow must be not less than 25% of the total area. A smaller free 
cross section will require higher airflows, which also means higher energy 
consumption. 

The pallets (crates) are stationary during incubation. They are placed in 
the incubation room/chamber in such a way as to facilitate first in/first out 
handling. In a typical incubation period of 3 — 3.5 hours, it is very important 
that the product is not exposed to any mechanical disturbance during the 
last 2 — 2.5 hours, when it is most sensitive to the risk of whey separation. 

The cooling capacity should be adequate to achieve the above men- 
tioned temperature program. As a guide, it may be mentioned that the total 
cooling time is about 65 — 70 minutes for small packages (0.175 — 0.2 kg 
sizes) and about 80 - 90 minutes for large packages (0.5 kg size). 

Eventually, regardless of the type of incubation/cooling chamber, the set 
yoghurt is cooled to about 5°C in the chill store. 
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A Homogenised and cooled 
Shelf life: 2 —- 3 weeks, refrigerated 

B  Homogenised, pasteurised, aseptically packed 
Shelf life: 1- 2 months, refrigerated 

C Homogenised, UHT treated, aseptically packed 
Shelf life: several months at room temperature 


Yoghurt 
Cooling media 
Heating media Fig. 11.20 Process alternatives for drinking yoghurt. 
Flavour 
Stabiliser 


Drinking yoghurt 
A low-viscosity drinkable yoghurt, normally with a low fat content, is popular 
in many countries. Three process alternatives are illustrated in figure 11.20. 
The yoghurt intended for production of drinking yoghurt is produced in 
the ordinary way. Following stirring up and cooling to about 18 — 20°C the 
yoghurt is transferred to the buffer tank prior to the process alternatives in 
the figure. Stabiliser and flavours are mixed with the yoghurt in the tank The 
yoghurt mix can then be treated in different ways, depending on the re- 
quired shelf life of the product. 


Long-life yoghurt 
Because of the tendency towards larger and more centralised production 
units, the markets are becoming geographically larger and transport dis- 
tances longer. In some cases the sales district may be so large that only 
one delivery per week is economically justifiable. This, in turn, necessitates 
methods which extend the shelf life of the product beyond normal. In some 
countries it is difficult to maintain the integrity of the cooling chain. There is 
therefore a demand for a sterilised yoghurt that can be stored at room tem- 
perature. 
The shelf life of cultured milk products can be extended in two ways: 
e production and packing under aseptic conditions; 
e heat treatment of the finished product, either immediately before packing 
or in the package. 


Production under aseptic conditions 

In aseptic production, measures are taken to prevent the yoghurt from be- 
ing infected by yeast and moulds. These micro-organisms would destroy 
the product, as they can survive and multiply in an acid environment and 
can cause off-flavours and whey separation. The prime measure is thorough 
cleaning and sterilisation of all surfaces in contact with the product. The 
special feature of aseptic production is, however, that it takes place under 
aseptic conditions; using aseptic tanks which are permanently pressurised 
with sterile air, remote controlled aseptic valves, aseptic metering devices 
for fruit and aseptic filling machines. Infection by airborne micro-organisms 
can then be prevented. This extends the shelf life of the product significant- 
ly. 
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“Clean Room” production conditions 

Hygenic conditions must be maintained in all food industries, not only in the 
equipment coming in direct contact with the product but also in the premis- 
es where production takes place. 

A system based on filtration of the air through “absolute filters”, as 
shown in figure 11.21, can be installed to clean the air in processing rooms, 
tanks, etc. to a high standard of purity. 

A system serving four tanks consists of: 

e one fan delivering about 400 m°/h of filtered air, i.e. 100 m3/h per tank. 

e one “absolute filter’ capable of trapping particles larger than 0.3 microns; 
this will capture most micro-organisms, as the average diameters of 
cocci, bacilli and fungi (yeasts and moulds) are 0.9, 0.25 - 10 and 3 - 15 
microns respectively. 

one casing for the filter 

one basic duct 

four connecting pipes 

valves and manometers 

Each system or tank to be supplied with air is equipped with an extra 
pipe for the air and a safety system to prevent the tank from imploding as a 
result of the vacuum created by the drop in temperature after cleaning. 

Air velocity is approx. 0.5 m/s and the tank is positively pressurised to 
approx. 5- 10 m water gauge, corresponding to about 0.05 — 0.1 bar. 

The filter is normally placed in the process room, with the result that all 
contaminant particles in the ambient air will eventually be filtered out, there- 
by creating “Clean Room” conditions. 

Similar systems are used in bacterological laboratories, hospital operating 
theatres and pharmaceutical factories. 


Heat treatment of yoghurt 

Heat treatment of yoghurt prolongs its shelf life by: 

e inactivating the starter bacteria and their enzymes 

e inactivating contaminants such as yeasts and moulds 

In production of stirred yoghurt, the coagulum from the incubation tanks is 
heated to 72 — 75°C in a heat exchanger, with a holding time of a few sec- 
onds before being cooled. The product should then be packed in an asep- 
tic filling machine to prevent reinfection. 

Set yoghurt can be heat-treated at 72 — 75°C for 5 — 10 minutes in the 
packages, in special pasteurising chambers. In both cases a stabiliser is 
added prior to heating. 

Heating to 70 — 75°C kills all the virulent micro-organisms in the yoghurt. 

In many countries yoghurt is defined as a product in which the microbio- 
logical flora is kept alive right up to the instant of consumption. This means 
that heat treatment of the end product is prohibited. In some countries the 
use of stabilisers is forbidden by law or is only permitted to a limited extent. 


Frozen yoghurt 


Frozen yoghurt can be manufactured in two ways. Either yoghurt is mixed 
with ice cream mix or a yoghurt mix is fermented, before further processing. 
Frozen yoghurt can be divided into soft-served and hard frozen types. The 
mix intended for soft-served yoghurt differs somewhat from that of the hard 
frozen type. Typical recipes are: 


Ingredients, % Soft-served Hard frozen 
Fat 4 6 
Sugar 1i =4 12 = 16 
MSNF 10-11 12 
Stabiliser, emulsifier 0.85 0.85 
Water 71 66 
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Fig. 11.21 An air filtration system for 
the “Clean Room” concept. 
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Yoghurt manufacture 

Hard ice cream 

Soft ice cream mix 

Long life soft ice cream mix 


oou 


Mixing tanks 
Pasteuriser 

Bulk starter tanks 
Incubation tanks 
Cooler 

Buffer tanks 

Ice cream freezer 
Aroma tanks 

Bar freezer 

10 Cup/cone filler 

11 Packaging 

12 UHT treatment 

13 Aseptic packaging 
14 Soft-ice machine at the retailer 
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Fig. 11.23 A continuous 
ice cream freezer. 
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Fig. 11.22 Alternatives for frozen yoghurt production. 


Production of yoghurt mix 


The mix, supplemented with suitable stabiliser and emulsifier, is manufac- 

tured in essentially the same manner as conventional yoghurt. 

The flowchart in figure 11.22, block A, shows the process where the 
mixed raw materials are de-aerated and homogenised at 70°C before being 
pasteurised in a heat exchanger at 90°C for 5 minutes. After regenerative 
cooling to 43°C, the milk is transferred to incubation tanks to which the bulk 
starter is added. 

About 4 — 6% starter is dosed into the pipeline as the milk is pumped to 
the incubation tanks. The incubation time of the yoghurt mix is appreciably 
longer than for normal yoghurt production. This is because the yoghurt mix 
contains much more carbohydrates than normal yoghurt. An incubation 
time of 7 — 8 hours is required at a saccharose content of 10 - 12% to 
attain the characteristic acidity of yoghurt, which occurs at pH 4.5. 

When the required pH has been achieved, the yoghurt mix is cooled in a 
heat exchanger to stop further fermentation. Any flavouring and sugar may 
be added by a metering pump into a mixing device before the yoghurt is 
transferred to the intermediate storage tanks. 

From the intermediate tanks, production can proceed along several 
alternative paths as in blocks B, C and D in figure 11.22: 

B. The yoghurt mix is transferred direct to the ice cream freezer followed by 
either stick bar freezing or cup/bulk filling and continuous hardening to 
hard frozen yoghurt. 

C. The mix for soft-served yoghurt is packed directly into disposable 
packages, such as conventional milk packs or bag-in-box. These are 
then distributed direct to the sales outlets for soft ice cream. 

D. To produce an ice cream mix intended for soft-served yoghurt with 
extended shelf life, the mix can be sterilised in a UHT plant before being 
aseptically packed. 
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Hard-frozen yoghurt 

As in the case of conventional ice cream, the yoghurt is pre-frozen and 
whipped in a continuous ice-cream freezer, figure 11.23. Whipping takes 
place in a nitrogenous atmosphere to avoid oxidation problems during sub- 
sequent storage. The frozen yoghurt leaves the freezer at — 8°C, which is 
somewhat lower than the temperature of conventional ice cream. This gives 
it an optimum viscosity that suits most filling machines. 

Liquid fruit flavouring or sugar can be added in the freezer. Frozen yog- 
hurt with different flavours can be produced in parallel freezers from a com- 
mon yoghurt mix. 

After freezing, the frozen yoghurt is packed into cones or cups or family- 
size packs in the same way as conventional ice cream. The packs then go 
into a hardening tunnel, where the temperature is reduced to — 25°C. 

Frozen yoghurt bars can be frozen continuously in a regular ice cream 
bar freezer. Since the yoghurt is frozen directly to — 25°C, it can be trans- 
ported to the cold store immediately after packaging. 


Distribution 

Hard-frozen yoghurt which is whipped with nitrogen can be kept in cold 
storage for 2 —- 3 months without any adverse effects on its flavour or tex- 
ture. Distribution requires an unbroken cold chain right up to the instant of 
consumption. 

In the case of the mix for soft-served yoghurt (not subjected to UHT 
treatment), a maximum storage temperature of +6°C is recommended. This 
mix has a storage life of a couple of weeks. Soft-served yoghurt is con- 
sumed immediately after freezing. 


Concentrated yoghurt 


In concentrated yoghurt the DM of the product is increased after fermenta- 
tion. Whey is drained off from the coagulum. The manufacturing principles 
are identical with the manufacturing of quarg, see chapter 14. The only 
difference is the type of cultures used. Concentrated yoghurt is known 
under names such as "strained" type yoghurt and Labneh. 


Kefir 


Kefir is one of the oldest cultured milk products. It originates from the Cau- 
casus region. The raw material is milk from goats, sheep or cows. Kefir is 
produced in many countries, although the largest quantity - an annual total 
of about 5 litres per capita — is consumed in Russia. 

Kefir should be viscous and homogenous, and have a shiny surface. The 
taste should be fresh and acid, with a slight flavour of yeast. The pH of the 
product is usually 4.3 - 4.4. 

A special culture, known as Kefir grain, is used for the production of 
Kefir. The grains consist of proteins, polysaccharides and a mixture of sev- 
eral types of micro-organisms, such as yeasts and aroma and lactic-acid 
forming bacteria. The yeasts represent about 5 — 10% of the total microflo- 
ra. 

The Kefir grains are yellowish in colour and about the size of a cauliflower 
florette, i.e. about 15 to 20 mm in diameter. The shape of the grains is irreg- 
ular, see figure 11.24. They are insoluble in water and in most solvents. 
When steeped in milk, the grains swell and become white. During the fer- 
mentation process, the lactic-acid bacteria produce lactic acid, whereas the 
lactose-fermenting yeast cells produce alcohol and carbon dioxide. Some 
breakdown of protein also takes place in the yeast metabolism, from which 
Kefir derives its special yeast aroma. The contents of lactic acid, alcohol 
and carbon dioxide are controlled by the incubation temperature during 
production. 
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Fig. 11.25 The micro-organisms in 
cultured products often live in symbiosis 
with each other. 


Fig. 11.26 Yeast and lactic acid at the 
surface of a kefir grain, seen through an 
electron photomicroscope. 
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A. The yoghurt bacteria Lactobacillus bulgaricus (rod shaped) and 
Streptococcus thermophilus (spherical) live together. 

B. Yeast and lactic acid bacteria at the surface of a kefir grain. The “ball” in 
the centre is a yeast fungus and the rods are different kinds of bacteria. 

C. The centre of a kefir grain. Yeast and bacteria are united by a network 
consisting mainly of proteins and polysaccharides. 

Depending on local conditions and requirements, the equipment and pro- 

cess variables may differ significantly from one manufacturer to another. 


Raw materials 

As with other cultured milk products, the quality of the raw material is of 
major importance. It must not contain any antibiotics or other bactericidal 
agents. The raw material for kefir manufacture can be milk from goats, 
sheep or cows. 


Production of starter culture 

Kefir culture is normally produced from milk of various fat contents, but 
skimmilk and reconstituted skimmilk, too, have lately been utilised for better 
control of the microbial composition of the kefir grains. 

As in propagation of starter cultures for other cultured milk products, the 
milk substrate must be thoroughly heat-treated to inactivate bacteriophag- 
es. 
Production takes place in two stages. The basic reason for this is that 

kefir grains are bulky and awkward to handle; 
relatively small volumes of mother culture are 
easier to control. Figure 11.27 shows the vari- 


Raw milk Traditional preparation ous process stages. 


or the day after 


previously 


®© For kefir production the next day 


Starter produced a day or two 


of bulk starter In the first stage the pretreated substrate is 


inoculated with active kefir grains. Incubation 
takes place at about 23°C and the proportion of 
grains is about 5% (1 part grains to 20 parts 
substrate) or 3.5% (1 part grains to 30 parts 
milk). The incubation time is about 20 hours; as 
the grains tend to sink to the bottom, intermit- 
tent stirring for about 10 - 15 minutes every 2 — 
5 hours is recommended. When the desired pH 
value (say 4.5) has been reached, the culture is 
stirred before the grains are strained off from the 
mother culture, now also called filtrate. The 
strainer has holes with a diameter of 3 - 4 mm. 

The grains are washed in the strainer with 
boiled and cooled water (sometimes skimmilk). 
They can then be reused to incubate a new 
batch of mother culture. The microbial popula- 
tion grows by about 10% per week during incu- 
bation, so the grains must be weighed and the 
surplus removed before the batch is reused. 

In the second stage, the filtrate can be 
cooled to about 10°C if it has to be stored for a 
few hours before being used. Alternatively, if 
large quantities of kefir are going to be pro- 
duced, the filtrate can be immediately inoculat- 
ed into the pretreated milk intended as the sub- 
strate for the bulk starter. The dosage is 3 - 5% 
of the volume of the substrate. After incubation 
at 23°C for about 20 hours, the bulk starter is 
ready for inoculation into the kefir milk. 


Production of kefir 
The process stages are much the same as for 


Fig. 11.27 Typical block diagram of the various process stages in kefir | most cultured milk products. The following com- 


production. 
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bination is typical for traditional production of 
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kefir: 

e Fat standardisation (not always practised). 

Homogenisation. 

Pasteurisation and cooling to incubation temperature. 

Inoculation with starter culture (here also called filtrate). 

Incubation in two stages (this, together with the specific culture, is 
characteristic of kefir). 

e Cooling. 

e Packing. 


Fat standardisation 

The fat content of kefir is reported to vary between 0.5% and 6%. The raw 
milk is often used with its original fat content. However, fat contents of 2.5 
to 3.5% are frequently specified. 


Homogenisation 
Following fat standardisation, if any, the milk is homogenised at about 65 — 
70°C and 17.5 — 20 MPa (175 — 200 bar). 


Heat treatment 
The heat treatment program is the same as for yoghurt and most cultured 
milks: 90 — 95°C for 5 minutes. 


Inoculation 
Following heat treatment, the milk is cooled to inoculation temperature, 
usually about 23°C, after which 2 — 3% starter is added. 


Incubation 
The incubation period is normally divided into two stages, acidulation and 
ripening. 


The acidulation stage 

The acidulation stage lasts until a pH value of 4.5 is reached or, expressed 
as acidity, until 85 — 100°Th (85 - 40°SH) has developed. This takes about 
12 hours. The coagulum is then stirred and pre-cooled while still in the tank. 
At a temperature of 14 — 16°C cooling is stopped and agitation discon- 
tinued. 


The ripening stage 

The typical slightly “yeasty” flavour starts to develop during the following 12 
— 14 hours. Final cooling commences when the acidity has reached 110 — 
120°Th (pH about 4.4). 


Cooling 

The product is cooled rapidly to 5 - 8°C in a heat exchanger. This stops any 
further reduction in pH. It is of vital importance that the product is treated 
gently when cooled and during subsequent packing. Mechanical agitation in 
pumps, pipes and filling machines must therefore be minimised. Air entrain- 
ment must also be avoided, as air increases the risk of syneresis in the 
product. 


Alternative kefir production 

As previously mentioned, the traditional method of preparing bulk starter for 
kefir manufacture is laborious. This, in combination with the complexity of 
the microflora, sometimes leads to unacceptable variations in product quali- 
ty. 

To overcome these problems a team at the Research Laboratory of 
SMR, Lund (Malmö), Sweden, has developed a freeze-dried concentrated 
culture that is handled in the same way as similar forms of other cultures. 
This type of culture has been in practical use since the mid-1980s, and the 
products made with it have been more uniform in quality than those made Fig. 11.28 Bulk starter preparation for 
by the conventional method. kefir with a freeze-dried culture. 
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Cultured cream is bright, has a 
uniform structure and is relatively 
viscous. The taste should be 
mild and slightly acid. 
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After thorough examination of kefir grains obtained from various sources, 
strains of bacteria and yeasts were isolated and tested for various growth 
characteristics, lactic acid production, aroma formation, etc. The composi- 
tion of the freeze-dried culture was then chosen to obtain a balance of 
micro-organisms in the bulk starter and product comparable to that of tradi- 
tional kefir manufactured with grains in a mother culture. 

Concentrated freeze-dried kefir cultures for direct use in the milk inten- 
ded for the end product are now commercially available. The block chart in 
figure 11.28 illustrates the processing stages. 

Compared to traditional bulk starter production, the technique based on 
freeze-dried culture reduces the number of process stages, and with it the 
risk of reinfecting the culture. 


Cultured cream 


Cultured cream has been used for years in some countries. It forms the 
basis of many dishes in the same manner as yoghurt. Cultured cream can 
have a fat content of 10 — 12% or 20 - 30%. The starter culture contains 
Str. lactis and Str. cremoris, whereas Str. diacetylactis (D and DL cultures) 
and Leuc. citrovorum (DL and L cultures) bacteria are used for the aroma. 

Cultured cream is bright, has a uniform structure and is relatively viscous. 
The taste should be mild and slightly acid. Cultured cream, like other cul- 
tured products, has a limited shelf life. Strict hygiene is important to product 
quality. 

Yeast and moulds can develop in packages which are not airtight. These 
micro-organisms occur mainly on the surface of the cultured cream. In the 
event of extended storage the lactic-acid bacteria enzymes, which break 
down B-lactoglobulin, become active and the cultured cream goes bitter. 
The cultured cream also loses its flavour because carbon dioxide and other 
aromatic substances diffuse through the packages. 


Production 


The process line for production of cultured cream includes equipment for 
standardisation of the fat content, homogenisation and heat treatment of 
the cream, and also inoculation and packing. 


Homogenisation 
The cream is homogenised. For cream with 10 — 12% fat the homogenisa- 
tion pressure is normally 15 — 20 MPa (150 — 200 bar) at 60 - 70°C. Up toa 
certain point, an increase in homogenisation temperature improves the 
consistency. 

For cream with 20 — 30% fat the homogenisation pressure should be 
lower, 10 - 12 MPa (100 — 120 bar), as there is not enough protein (casein) 
to form membranes on the enlarged total fat surface. 


Heat treatment 

The homogenised cream is normally heat treated for 5 minutes at 90°C. 
Other time/temperature combinations can be used if the homogenisation 
technique is carefully matched to the heat treatment. 


Inoculation and packing 
The pretreated cream is cooled to an inoculation temperature of 18 - 21°C. 
1 - 2% of bulk starter culture is then added. 

Inoculation can take place in a tank or in the packages. The fermentation 
time is 18 — 20 hours. When fermentation is completed, the cultured cream 
is cooled quickly to prevent any further pH reduction. The viscosity of the 
fermented cream may be very high, and it may therefore be difficult to pack. 
In spite of precautions, the mechanical treatment to which the cultured 
cream is subjected during stirring, pumping and packing also causes a 
slight deterioration in the consistency of the product — it will become thinner. 
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The cream is sometimes inoculated, packaged and fermented in the 
packages to avoid mechanical treatment. After inoculation of the cream and 
subsequent packing, the product is stored at 20°C until the acidity of the 
fat-free phase is about 85°Th, which takes about 16 — 18 hours. The pack- 
ages are then carefully transferred to the chilled store, where they are kept 
for at least 24 hours at a temperature of about 6°C before distribution. 

Cultured cream is often used in cooking. 


Buttermilk 


Buttermilk is a by-product of butter production from sweet or fermented 
cream. 

The fat content is about 0.5%, and it contains a lot of membrane materi- 
al including lecithin. The shelf life is short, as the taste of the buttermilk 
changes fairly quickly because of oxidation of the membrane material con- 
tent. Whey separation is common in buttermilk from fermented cream, and 
product defects are therefore difficult to prevent. 


Fermented buttermilk 


Fermented buttermilk is manufactured on many markets in order to over- 
come problems such as off-flavours and short shelf life. The raw material 
can be sweet buttermilk from the manufacture of butter based on sweet 
cream, skimmilk or low-fat milk. 

In all cases the raw material is heat treated at 90 - 95°C for about 5 
minutes before being cooled to inoculation temperature. Ordinary lactic-acid 
bacteria are most commonly used. In some cases, when the raw material is 
skimmilk or low fat milk, grains of butter are also added to the product to 
make it look more like buttermilk. 


Recent developments 
in cultured milk products a 
J 
"Living lactic acid bacteria - vaccine of the future?" Sa O g 
The above headline in the Scandinavian Journal of Nutrition/Närings- a g 
forskning, Vol 37:132-137, 1993, appeared over a brief a report by Clas a 
Lönner from a conference held in Lund, Sweden, on 29 April 1993. 


For several years it has been known, at least in the northern part of Swe- 
den, that a certain type of cultured milk called Långfil has been used to heal 
wounds and treat vaginal fungus infections. However, studies of lactic acid 
bacteria and their importance to health can be traced back to the beginning 
of the twentieth century. Elie Metchnikoff, professor at the Pasteur Institute 
in Paris, France, knew that many people in his Russian home district con- 
sumed a great deal of yoghurt and lived for a long time. (Professor Metch- gil E? 
nikoff was awarded a Nobel Prize in medicine in 1908, but that was for the NS mag ith? 
discovery of phagocytosis, i.e. the phenomenon that white blood corpus- Se 
cles, leucocytes, “eat” bacteria that have invaded the body.) 

Metchnikoff argued that lactobacilli ingested by consumption of yoghurt Fig. 11.29 Examples of milk products 
pass through the stomach and destroy putrefactive bacteria in the colon. By utilising new bacteria combinations to 
doing so they inhibit the production of “poisonous” waste products that achieve positive effects on the intestine 
cause chronic morbid alterations in the system, especially arteriosclerosis. function are BRA and Onaka. 

This theory of Metchnikoff’s was plausible, but it has also been criticised 
on the grounds that lactobacilli cannot survive the low pH, approx 2, that 
prevails in the stomach. However that may be, the following fragments of 
information reflect the situation in the final decade of the twentieth century. 

Interest in the deliberate use of lactic acid bacteria as a health-giving 
constituent of certain foods and forage products has snowballed in the past 
few years. The greatest enthusiasts claim that living lactic acid bacteria will 
be the 21st century’s answer to the 20th century's penicillin and sulfa drugs. 

The expression “functional food” is applied to foods with near-medicinal 
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properties that promote health. “Food for special health use” is another 
term for the same thing. Japan is at present the leading country for “func- 
tional food” and has a great preventive programme of schemes to lower the 
costs of medical treatment. 

Lactic acid bacteria have been used since time immemorial to ferment 
foods. 

The special strains of bacteria normally used in production of yoghurt, as 
well as other types such as Lactobacillus (L.) acidophilus, L. reuteri (a rela- 
tive newcomer), Bifido-bacteria and certain species of Lactococcus lactis, 
are among those that have been found of interest for production of func- 


tional foods. 
L. acidophilus and Bifido- What properties must a lactic acid bacterium have to be able to function 
bacteria are important in the intestine? The following four characteristics that are of primary impor- 
members of the human tance: 
intestinal flora. e Ability to colonise and survive. 


e Adhesive capacity. 

e Ability to aggregate. 

e Antagonistic effects. 

L. acidophilus and Bifido-bacteria are important members of the human 
intestinal flora. The former normally predominates in the small intestine and 
the latter in the large intestine. 

Production of these important bacteria is reduced in some people as a 
result of medication, stress or old age. In many people, reduced production 
of intestinal bacteria can cause symptoms such as swelling, indigestion and 
pronounced illness. 

Consumption of live L. acidophilus and Bifido-bacteria in milk products is 
an ideal way to restore the balance of the intestinal flora. Apart from the 
possible prevention and relief of diarrhoea, literature indicates that L. acido- 
philus and Bifido-bacteria may help to: 

e reduce the cholesterol level in the blood 

e relieve lactose malabsorption (lactose intolerance) 

e strengthen the immune system 

e reduce the risk of stomach cancer. 

(Ref.: “Nu-trish cultures”, Chr. Hansen’s Laboratories, Copenhagen, Den- 
mark) 

These micro-organisms can be utilised alone or in combination with 
other cultures, e.g. thermophilic, yoghurt or mesophilic cultures. A product 
called BRA milk, for example, was recently introduced on the Swedish mar- 
ket. The name has a double meaning: “BRA” is the Swedish word for good, 
and also the initials of Bifido, Reuteri and Acidophilus bacteria. This product 
is available in two versions: sweet and sour. 

Lactic acid bacteria may thus have a great potential for promoting the 
health of both human beings and animals. The claimed effects, however, 
are by no means fully documented. It is therefore important that sufficient 
resources are invested in this field in the near future, both to find new inter- 
esting health effects of lactic acid bacteria and to compile scientific docu- 
mentation. 

The following bibliography is provided for the benefit of anyone interested 
in learning more about this subject: 

1. Microbial surface hydrophobicity, R J Doyle and M Rosenberg. Amer Soc 
for Microbiology, Washington 1990. ISBN 1-5581-028-4. 
2. The Lactic Acid Bacteria in health and disease, Volume 1, B J B Wood, 

Elsevier Applied Science, London 1992. ISBN 1851667202. 

3. Probiotics, the scientific basis, R Fuller. Chapman & Hall, London 1992. 

ISBN 0-412-40850-3. 

4. Nutrition and the intestinal flora. Almqvist & Wiksell 1983, pp 141. 
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Chapter 12 


Butter and dairy spreads 


The International Dairy Federation, IDF, has introduced a standard con- 
cerning butters and spreads, viz. IDF Standard 166:1993, “Guidelines for 
Fat Spreads”. These guidelines are intended to provide a broad frame- 
work permitting the development of more specific group or individual 
standards according to the requirements of individual countries. 
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Definitions 


Fat spread: A "fat spread" is a food in the form of an emulsion, which is 
mainly of the water-in-oil type, comprising principally an aqueous phase and 
edible fats and oils. 
Edible fats and oils: Foodstuffs mainly composed of triglycerides of fatty 
acids. They are of vegetable, animal, milk or marine origin. 

The following tables (12.1 and 12.2) are excerpted from this standard. 


Table 12.1 
Essential composition of milk fat and margarine products 


Milk fat Mixed fat Margarine 
products products products 
Milk fat 100% Milk fat min. 15%, Milk fat max. 

of total fat max. 80% of total fat 3% of total fat 


Note. A restricted zone (or zones) with respect to the fat content and to the 
proportion of milk fat to other types of fat may be imposed in accordance 
with national or other relevant legislation. 

The principal raw materials should be water and/or milk products, edible 
fats and/or oils, or mixtures of these. Concerning the fat content, the stan- 
dard states that fat spreads shall be classified into three groups according 
to the origin of the fat. The maximum fat content shall be 95%. 

The name of the food shall be as specified in national legislation. The 
products, however, shall comply with the general requirements in table 
12.2, which are designed to be applied consistently to products in all three 
groups. 


Table 12.2 
Names of milk fat and margarine products 


Fat content Milk fat Mixed fat Margarine 
% products products products 
8095 Butter* Blend Margarine* 
>62 — <80 Dairy spread Blended spread Fat spread 
60 - 62 3/4 fat or 3/4 fat or 3/4 fat or 
reduced fat reduced fat reduced fat 
butter blend margarine 
>41 - <60 Reduced fat Reduced fat Reduced fat 
dairy spread blended spread spread 
39- 41 1/2 or low 1/2 or low 1/2 or low fat 
fat butter fat blend margarine or 
Minarine* 
<39 Low fat Low fat Low fat 
dairy spread blended spread spread 


* The following FAO/WHO individual standards currently apply to 
products in international trade and indicate the designations 


permitted: 


A1 — Standard for Butter and Whey Butter 

(A16 — Standard for Low Fat Dairy Spreads — draft) 
Codex Standard 32-1981 for Margarine 

Codex Standard 13-1981 for Minarine 
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Table 12.3 
Examples of fat products (Sweden) 


Product/ Butter Margarine Dairy Spread Low fat M-cocos 
Composition Bregott Dairy spread 

(Margarine) Lätt & Lagom 

(Minarine) 

Basic Cultured Veg. oils Cultured AMF* + Coconut oil 
material cream and fats cream and vegetable oil + 

vegetable oil conc. of butter 

milk pref. 
Fat, % 80 80 80 40 100 
Moisture, % 16-18 7 =18 17-18" 48 (0) 
Salt, % 0-2 1.5- 2.0 1.4 - 2.0 1.2 O 
Protein, % 0.7 0.2 - 0.4 0.6 TS O 
Specific energy 
kJ/100 g 3 140 3 100=3 150 3 140 1710 3 900 
Vitamins A 2 500 A 3 000 A 3 000 A 3 000 O 
1.U./100 g D55 D 300 D 300 D 300 O 
Keeping quality Bos 3 2s leo 6-12 
at 6-7°C months months months months months 
Usage Table Table Table Table Cooking 
Cooking Cooking Cooking Confectionery 


* AMF = Anhydrous Milk Fat 
** Varies with salt content 
Table from Livsmedelsbranschens Utbildningsorgan, Brevskolan, Sweden 


Table 12.3, which lists the names, approved designations and compositions 
of some commercial fat products in Sweden, can serve as an example. 

For many years there were just a few recognised types of cooking fat, 
viz. butter, margarine, lard and coconut oil. 

Butter and margarine are the two products that most interest is focused 
on. Both products are used for spreading on bread as well as for cooking 
and baking. Both of them share the disadvantage that when traditionally 
produced, they do not spread easily at ordinary refrigeration temperature 
(+5°C). This led to the development during the sixties and seventies of a 
variety of more readily spreadable proprietary products including low-fat 
(40%) blends, also called minarines, and later reduced-fat (60%) products 
called mellarines. 


Butter 


Butter is usually divided into two main categories: 

e sweet cream butter; 

e cultured or sour cream butter made from bacteriologically soured cream. 
Butter can also be classified according to salt content: unsalted, salted and 
extra salted. 

Until well into the 19th century, butter was still made from cream that had 
been allowed to sour naturally. The cream was then skimmed from the top 
of the milk and poured into a wooden tub. Butter was made by hand in 
churns. The natural souring process is very sensitive, and infection by 
foreign micro-organisms often spoiled the result. 

As knowledge of cooling increased, it became possible to skim the 
cream before it had gone sour, and make butter from the sweet cream. 
Buttermaking methods gradually improved, and so did the product quality 
and economic yield. It was eventually found that sweet cream could be 
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Fig. 12.1 Traditional hand churn, for- 
merly used for domestic buttermaking. 


Butter can be produced in 
churns in a batch process or ina 
continuous process with modern 
buttermaking machines. 
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soured by the addition of naturally soured milk or acid buttermilk. It then 
became possible to make ripened cream butter under more controlled 
conditions. 

The invention of the separator (1878) meant that cream could be 
skimmed from milk quickly and efficiently. It was also the start of large-scale 
buttermaking. Contributions to the quality of the product and buttermaking 
economics were also made by the introduction of pasteurisation in the 
1880s, the use of pure bacteria cultures in the 1890s and the introduction 
of the buttermaking machine at the turn of the century. 

Today’s commercial buttermaking is a product of knowledge and experi- 
ence gained over the years about such matters as hygiene, bacterial acidifi- 
cation and temperature treatment, as well as the rapid technical develop- 
ment that has resulted in the advanced machines now used. 


Sweet and cultured (sour) cream 
butter 


Variations in the composition of butter are due to differences in production. 

As can be seen from table 12.3, butter contains 80% fat and 16 - 18 % 
moisture, basically depending on whether it is salted or not. Butter also 
naturally contains the vitamins A and D. 

The colour of butter varies with the content of carotenoids, which make 
up from 11 to 50% of the total vitamin A activity of milk. As the carotenoid 
content of milk normally fluctuates between winter and summer, butter 
produced in the winter period has a brighter colour. (In this context it might 
be mentioned that butter made of cream from buffalo milk is white, as buf- 
falo milk does not contain carotenoids.) Butter should also be dense and 
taste fresh. The water content should be dispersed in fine droplets so that 
the butter looks dry. The consistency should be smooth, so that the butter 
is easy to spread and melts readily in the mouth. 

Sour cream butter should smell of diacetyl, while sweet butter should 
taste of cream - a faint “cooked” flavour is acceptable in the case of sweet 
butter. 

Butter made from sour cream has certain advantages over the sweet 
cream variety. The aroma is richer, the butter yield higher, and there is less 
risk of reinfection after temperature treatment as the bacteria culture sup- 
presses undesirable micro-organisms. 

Sour cream butter also has its drawbacks. The buttermilk will also be 
acidified. Buttermilk from sour cream butter has a far lower pH than butter- 
milk from sweet cream butter, which sometimes makes it harder to dispose 
of than sweet buttermilk. Another disadvantage of cultured cream butter is 
that it is more sensitive to oxidation defects, which give it a metallic taste. 
This tendency is accentuated if the slightest trace of copper or other heavy 
metals is present, and this reduces the chemical keeping properties of the 
butter considerably. 


Buttermaking 


Butter was originally made on the farm for household use. Then a manually 
operated butter churn, as shown in figure 12.1, was used. Following churn- 
ing and discharge of buttermilk, the butter grains were collected in a shal- 
low trough and manually worked until acceptable dryness and structure 
were achieved. 

Large-scale butter manufacturing processes generally involve quite a 
number of stages. Figure 12.2 schematically shows both batch production 
in a churn and continuous production in a buttermaking machine. Churns 
are still used, but are rapidly being replaced by continuous buttermaking 
machines. 

The cream can be supplied by a liquid milk dairy (Surplus cream) or separat- 
ed from whole milk at the creamery. In the former case, the cream should 

have been pasteurised by the supplier. Storage and delivery to the creamery 
should be undertaken in such a way that reinfection, aeration or foaming do 
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Milk 
Skimmilk 
Cream 
Butter 


not take place. After reception procedures, weighing-in and analysis, the 
cream is stored in tanks. 

If the cream is produced at the creamery, the whole milk is preheated to 
63°C in the pasteuriser before being separated. The warm cream is routed 
into an intermediate storage tank before being pumped to the cream pas- 
teurisation plant. For gentle treatment of the cream, please see the descrip- 
tion of the Scania method in chapter 8. 

The skimmilk from the separator is pasteurised and cooled before being 
pumped to storage. When cultured butter is to be produced, part of the 
skimmilk should be utilised for starter preparation. 

From the intermediate storage tank(s) the cream continues to pasteurisa- 
tion at a temperature of 95°C or higher. The high temperature is needed to 
destroy enzymes and micro-organisms that would impair the keeping quali- 
ty of the butter. 

The destruction of unwanted micro-organisms is also beneficial in the 
case of sour cream butter, as this creates perfect growth conditions for the 
bacteria culture. The heat treatment releases strongly antioxygenic sulphhy- 
dryl compounds, which further reduce the risk of oxidation. 

Vacuum de-aeration can also be included in the line if the cream has an 
undesirable flavour or aroma, e.g. onion taste. Any flavouring will be bound 
in the fat and transmitted to the butter unless removed. Vacuum treatment 
before pasteurisation involves preheating the cream to the required temper- 
ature and then subjecting it to flash cooling to free any entrapped gas and 
volatile substances. After this the cream is returned to the pasteuriser for 
further treatment — heating, holding and cooling — before proceeding to the 
ripening tank. 

In the ripening tank, of a recommended maximum volume of 30 000 |, 
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mums ë Culture 
ou Cooling media 
m Heating media 
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Fig. 12.2 General process steps in 
batch and continuous production of 
cultured butter 


1 Milk reception 

2 Preheating and pasteurisation of 
skimmilk 

Fat separation 

Cream pasteurisation 

Vacuum deaeration, when used 
Culture preparation, when used 
Cream ripening and souring, when 
used 

8 Temperature treatment 

9 Churning/working, batch 

10 Churning/working, continuous 
11 Buttermilk collection 

12 Butter silo with screw conveyor 
13 Packaging machines 


NO OK © 


Vacuum deaeration is recom- 
mended when the cream has a 
very strong flavour or aroma 
defect, e.g. onion taste. Vac- 
uum treatment may have an 
unfavourable effect on the yield 
and the butter consistency. 
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Cream containing antibiotics or 
disinfectants is unsuitable for 
cultured butter manufacture. 
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the cream is subjected to a temperature programme which will give the fat 
the required crystalline structure when it solidifies during cooling. The pro- 
gramme is selected to match factors such as the composition of the butter- 
fat, expressed for example in terms of iodine value, which is a measure of 
the unsaturated fat content. The treatment can also be modified to produce 
butter with good consistency despite a low iodine value, e.g. when the 
unsaturated proportion of the fat is low. 

Ripening usually takes 12 - 15 hours. Where possible, the acid-produc- 
ing bacteria culture is added before the temperature treatment. The quantity 
of culture added depends on the treatment programme selected with refer- 
ence to the iodine value, see table 12.4. 

From the ripening tank the cream is pumped to the continuous butter- 
maker or the churn; sometimes a passage through a plate heat exchanger 
is desirable to bring it to the required temperature. In the churning process 
the cream is agitated violently to break down the fat globules, causing the 
fat to coalesce into butter grains. The fat content of the remaining liquid, the 
buttermilk, decreases. 

The cream is split into two fractions: butter grains and buttermilk. In 
traditional churning the machine is stopped when the grains have reached a 
certain size, and then the buttermilk is drained off. Buttermilk drainage is 
continuous in continuous buttermaking machines. 

After drainage the butter is worked to a continuous fat phase containing 
a finely dispersed water phase. It used to be common practice to wash the 
butter with water after churning to remove any residual buttermilk and milk 
solids, but this is rarely done nowadays. If the butter is to be salted, salt is 
spread over the surface in batch production, or added in slurry form during 
the working stage in continuous buttermaking. 

After salting, the butter must be worked further to ensure uniform distri- 
bution of the salt. The working of the butter also affects the characteristics 
by which the product is judged — aroma, taste, keeping quality, appearance 
and colour. The finished butter is discharged into the packaging unit and 
thence to cold storage. 


The raw material 

The cream must be of good bacteriological quality, without taste or aroma 
defects. The iodine value is the deciding factor in the selection of manufac- 
turing parameters. Unless corrected, fat with a high iodine value (high un- 
saturated fat content) will produce greasy butter. Butter of acceptable con- 
sistency can be obtained from both hard fat (iodine value down to 28) and 
soft fat (iodine value up to 42) by varying the ripening treatment to suit the 
iodine value. 

Cream containing antibiotics or disinfectants is unsuitable for the manu- 
facture of acidified butter. If harmful micro-organisms have been given the 
chance to develop, the cream cannot be used, even if they can be rendered 
inactive by heat treatment. Strict hygiene is therefore essential in all stages 
of the production process. 

A problem in countries with a refrigerated distribution chain for raw milk 
is that cold storage causes changes in the micro-organic composition. 
Where lactic-acid bacteria once dominated there are now bacteria strains 
that have a high resistance to cold — the psychrotrophic bacteria. These are 
normally destroyed during pasteurisation and therefore have no effect on 
the quality of the butter. Some psychrotrophic bacteria strains, however, 
produce lipolytic enzymes which can break down the fat. They can with- 
stand temperatures above 100°C. It is consequently vital that development 
of psychrotrophic bacteria is prevented. One solution is to chill the raw 
material to 2 —- 4°C immediately on arrival at the dairy and store it at that 
temperature until it is pasteurised or, even better, to thermise the milk at 63 
— 65°C for 15 seconds and cool it to 2 — 4°C. Pasteurisation should take 
place as soon as possible, and definitely not later than 24 hours after arrival. 


Pasteurisation 
Cream is pasteurised at a high temperature, usually 95°C or higher, normal- 
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ly without any holding time. The heat treatment should be sufficient to result 
in a negative peroxidase test. 

This vigorous treatment kills not only pathogenic bacteria but also other 
bacteria and enzymes that could affect keeping quality. The heat treatment 
should not be so intense that there will be defects, such as a cooked fla- 
vour. 


Vacuum deaeration 

If necessary, any undesirable flavouring substances of a volatile nature can 
be removed by vacuum treatment. The cream is first heated to 78°C and 
then pumped to a vacuum chamber where the pressure corresponds to a 
boiling temperature of 62°C. The reduced pressure causes volatile flavour- 
ing and aromatic matter to escape in the form of gas when the cream is 
flash-cooled. After this treatment the cream is returned to the heat ex- 
changer for pasteurisation and cooling, and then continues to the ripening 


tank. 
Onion off-flavour is a very common defect during the summer, when 

various onion plants grow in the fields. Sorting of the cream is sometimes Heat treatment should be strong 

necessary to avoid strong flavours. enough to result in a negative 
peroxidase test, but not so in- 

Bacterial souring tense as to cause defects such 
as cooked flavour 

Culture preparation 


Bacteria cultures for the manufacture of cultured or sour cream butter are 
produced as described in chapter 10, “Cultures and starter manufacture”. 
The addition of acid-producing bacteria gives the butter a strong aroma. It 
also improves the fat yield. 

Starter cultures are of the LD or L type, which means that they contain 
the aroma-producing bacteria Str. diacetylactis (Citt Lactococci) and Leuc. 
citrovorum (Leuconostoc mesenteroides ssp. cremoris), or only the latter 
type. 

In LD cultures the proportion of Str. diacetiylactis can vary between 0.6 
and 13%, while the Leuc. citrovorum content varies from 0.3 to 5.9% of the 
total bacteria count. The proportional relationship between the aroma pro- 
ducers is governed by prevalent growth conditions. 

Lactic acid, diacetyl and acetic acid are the most important of the aroma 
substances produced by bacteria. Production of the most important of the 
aromatics in butter, diacetyl, depends on the availability of oxygen. 

The cultures must be active so that bacteria growth and acid production are 
rapid. A high bacteria count is then obtained (about 

1 000 million bacteria per ml of mature culture). A 1% Citric acid % 0SH 
inoculum dosage and a growth temperature of 20°C = 9-20-70 20 
should produce an acidity of 12°SH after 7 hours and 
18 - 20°SH after 10 hours. The culture must be 
balanced. It is important that acid and aroma pro- 
duction and the subsequent reduction of diacetyl 
have the correct proportional relationship. 

Skimmilk is mostly used as a substrate, or growth _0,10- 
medium, for starter cultures, as it is easier to detect 
taste defects in skimmilk cultures. The milk should be FSF x 
pasteurised at 90 — 95°C for 15 - 30 minutes. The PI Diacetyl 
development of the acid and aroma forming process À 
in an LD culture is shown in figure 12.3. 

Slow acid production is characteristic of the first f A S 
stage of growth. During this phase citric acid fermen- 4 10 16 22 26 
tation and diacetyl yield are relatively insignificant. 

Acid production accelerates rapidly in the next phase as fermentation of Fig. 12.3. Acid and aroma development 
citric acid forms diacetyl. Most of the diacetyl is reduced by the aroma- in skimmilk at 20°C and an LD culture 
imparting bacteria. dosage of 1%. 


Diacetyl mg/litre 


+ Abbreviation for citrate, which is metabolised to flavour and aroma compounds. 
ssp = species of (New names for starters — see also Table 10.1 in Chapter 10) 
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The amount of bulk starter culture 
added to the cream varies from 
1% to 7% basically depending on 
the incubation temperature. 
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When acid production has slowed down, reduction of diacetyl decreases 
and the content more or less stabilises. The culture enters the ripening 
phase when the acidification phase ends. Characteristics of this phase 
include a very gradual increase in acidity and a reduction of diacetyl to 
tasteless matter by the aroma bacteria. 


Souring of the cream 

The souring of the cream and the temperature treatment which gives the fat 
the necessary crystalline structure for optimum butter consistency take 
place simultaneously in the ripening tanks. These are usually triple-shell 
insulated tanks of stainless steel with the heating and cooling media circu- 
lating between the shells. They are fitted with reversible scraper agitators for 
efficient stirring, even when the cream has coagulated. Both heating and 
cooling are very gradual,with a smooth temperature characteristic which is 
advantageous from a consistency point of view. 

The bulk starter should be well mixed before being pumped to the ripen- 
ing tank. The starter is often pumped in before the cream. Some manufac- 
turers, however, prefer to add the starter in the cream pipeline. Either way, 
the bulk starter must be carefully mixed into the cream. 

The cream needs temperature treatment if the butter is to have the re- 
quired consistency. The treatment programme depends on the iodine value 
of the cream. The acidification temperature will also be determined by this 
programme, as ripening takes place at the same time. It is possible to mod- 
ify the consistency-related temperature programme so that it is adapted to 
the starter culture. 

The amount of bulk starter to be added to the cream must be decided 
on the basis of the temperature programme for the process as shown in 
table 12.4. It must be proportioned to suit the acidifying and ripening tem- 
peratures as well as the duration of the various phases. Bulk starter dosage 
can vary from 1 to 7% of the amount of cream. The lower percentage ap- 
plies to the temperature of 21°C at which cream with hard fat (low iodine 
value) is intermediately held; the higher percentage to cream with soft fat 
which is held at a temperature of 15 — 16°C. The souring process should be 
completed when the temperature treatment is finished and the cream pro- 
ceeds to churning. The acidity of the non-fat part of the cream should then 
be about 36°SH. 


Temperature treatment 

Before churning, the cream is subjected to a programme of temperature 
treatment which will control the crystallisation of the fat so that the butter 
will have the desired consistency. The consistency of the butter is one of its 
most important quality characteristics, both directly and indirectly, as it 
affects the other characteristics — mainly taste and aroma. Consistency is a 
complicated concept involving properties such as hardness, viscosity, plas- 
ticity and spreadability. 

The fatty acids in milk fat were described in chapter 2, The chemistry of 
milk. The relative amounts of fatty acids with high melting points determine 
whether the fat will be hard or soft. Soft fat has a high content of low-melt- 
ing fatty acids, and at room temperature this fat has a large continuous 
phase of liquid fat, i.e. the ratio of liquid to solid fat is high. On the other 
hand, in a hard fat the ratio of liquid to solid fat is low. 

In buttermaking, if the cream is always subjected to the same tempera- 
ture treatment, it will be the chemical composition of the milk fat that deter- 
mines the consistency of the butter. Soft milk fat will result in soft and 
greasy butter, whereas butter from hard milk fat will be hard and stiff. The 
consistency of the butter can be optimised if the temperature treatment is 
modified to suit the iodine value of the fat. The temperature treatment regu- 
lates the amount of solid fat to a certain extent — this is the major factor that 
determines the consistency of the butter. 


Butterfat crystallisation 
The fat in the fat globules is in liquid form after pasteurisation. When the 
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cream is cooled to below 40°C the fat starts to crystallise. If the cooling is 
gradual, the different fats will crystallise at different temperatures, depending 
on their melting points. This would be an advantage, as this type of cooling 
would result in a minimum of solid fat — a soft butter could then be made 
from cream containing hard milk fat with low iodine values. The course of 
crystallisation in 40% cream is discussed in chapter 8 under the heading 
Production of cream. 

Crystal formation is very slow during gradual cooling, and the crystallisa- 
tion process takes several days. This would be dangerous from a bacterio- 
logical point of view, as the fat would be kept at temperatures sensitive to 


bacterial attack. It would also be impractical for economic reasons. Quick cooling of the cream to a 
A method of speeding up the crystallisation process is quick cooling of low temperature speeds up the 
the cream to a low temperature, where the formation of crystals is very crystallisation process. 


rapid. The drawback of this method is that triglycerides with low melting 
points are “trapped” in the same crystals and mixed crystals are formed. A 
great proportion of the fat would be crystallised if no measures were taken. 
The ratio of liquid to solid fat would be low and the butter made from this 
cream would be hard. 

This can be avoided if the cream is heated carefully to a higher tempera- 
ture to melt the low-melting triglycerides out of the crystals. The melted fat 
is then recrystallised at a slightly lower temperature, resulting in a higher 
proportion of “pure” crystals and a lower proportion of mixed crystals. A 
higher liquid-to-solids ratio and a softer fat will consequently be obtained. 

It is obvious that the amount of mixed crystals, and thereby the ratio of 
liquid to solid fat, can be determined to a certain degree by selecting the 
heating temperature at which the fat crystals are melted after cooling and 
crystallisation and also the recrystallisation temperature. The temperatures 
are selected according to the hardness (iodine value) of the fat. 

Several methods are now available for measuring the ratio of liquid to 
solid fat in a sample. The NMR pulse spectrometer test is a very fast and 
accurate method. This technique is based on the fact that protons (hydro- 
gen nuclei) in fat have different magnetic properties according to whether 
the fat is in the liquid or solid state. 

Table 12.4 gives examples of programmes for different iodine values. The 
first temperature is the value to which the cream is cooled after pasteurisa- 
tion, the second the heating/souring value and the third the ripening value. 


Treatment of hard fat 

For optimum consistency when the iodine value is low, i.e. the butterfat is 
hard, the amount of mixed crystals must be minimised and the amount of 
“oure” fat maximised to increase the ratio of liquid to solid fat in the cream. 
The liquid-fat phase in the fat globules will then be maximised and much of 
it can be pressed out during churning and working, resulting in butter with a 
relatively large continuous phase of liquid fat and with a minimised solid 
phase. 

The treatment necessary to achieve this result comprises: 

e Rapid cooling to about 8°C and storage for about 2 hours at that 
temperature. 
e Gentle heating to 20 — 21°C and storage at that temperature for at least 

2 hours. Water at max. 27°C is used for heating. 

e Cooling to about 16°C and then to churning temperature. 
Cooling to about 8°C starts the formation of mixed crystals that bind fat 
from the liquid continuous phase. 

When cream is heated gently to 20 — 21°C, the bulk of the mixed crys- 
tals melt, leaving only pure crystals of fat with a high melting point. During 
the storage period at 20 — 21°C the melted fat crystals begin to recrystal- 
lise, now forming pure crystals. 

After 1 — 2 hours the higher-melting fat has started to recrystallise. When 
the temperature is reduced to about 16°C, the melted fat continues to crys- 
tallise and form pure crystals. During the holding period at 16°C all fat with a 
melting point of 16°C or higher will crystallise. The treatment has caused 
the high-melting fat to form pure crystals and thereby reduced the amount 
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Table 12.4. 
Principal temperature programmes adjusted to the io- 


dine value and recommended volumes of culture, when 
used. 


lodine Temperature Approx % of 
value programme, °C starter in cream 
<28 8-21-20 1 

28 -29 8-21-16 2-3 

30 - 31 8-20-13 5 

32 - 24 6-19-12 5 

35 - 37 6-17-11 6 

38 - 39 6-15-10 7 

>40 20- 8-11 5 


of mixed crystals. This increases the ratio of liquid to solid fat, and the but- 
ter made from the cream will consequently be softer. 


Treatment of medium-hard fat 
With an increase in the iodine value the gentle heating is stopped at a lower 
temperature. A greater amount of mixed crystals will form, absorbing more 
liquid fat than is the case in the hard-fat programme. For iodine values up to 
39, the heating temperature can be as low as 15°C. 

The souring time is extended at the lower temperatures. 


Treatment of very soft fat 

The “summer method” of treatment is used when the iodine value is higher 
than 39 — 40. After pasteurisation the cream is cooled to 20°C and soured 
for about 5 hours at that temperature. It is cooled when the acidity is about 
22°SH. The cream is cooled to about 8°C if the iodine value is around 39 — 
40, and to 6°C if it is 41 or higher. It is generally believed that souring tem- 
peratures below 20°C will result in soft butter. The same applies to higher 
cooling temperatures after souring. 


Churning 


Batch production 
The cream is churned after temperature treatment and after souring where 
applicable. Butter is traditionally made in cylindrical, conical, cubical or 
tetrahedral churns with adjustable speed. Axial strips and dashers are fitted 
inside the churn. The shape, setting and size of the dashers in relation to 
the speed of the churn are factors that have an important effect on the end 
product. Modern churns have a speed range that permits selection of the 
most suitable working speed for any set of butter parameters. 
The size of churns has increased greatly in recent years. Chums of 8 000 
— 12 000 litres’ capacity or more are used in large central creameries. 
Before transfer to the churn the cream is stirred and the temperature 
adjusted. The churn is usually filled to 40 — 50% to allow space for foaming. 


Butter formation 

The fat globules in cream contain both crystallised fat and liquid fat (butter 
oil). The fat crystals have to some extent become structured so that they 
form a shell, although a weak one, closest to the membrane of the fat glob- 
ule. 
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A foam of large protein bubbles forms when the cream is agitated. 
Being surface active, the membranes of the fat globules are drawn 
towards the air/water interface and the fat globules are concentrat- 
ed in the foam. 

When agitation continues, the bubbles become smaller as the 
protein gives off water, making the foam more compact and 


thereby applying pressure on the fat globules. This causes a 
certain proportion of the liquid fat to be pressed out of the fat 
globules and some of the membranes to disintegrate. 

The liquid fat, which also contains fat crystals, spreads out ina 
thin layer on the surface of the bubbles and on the fat globules. 
As the bubbles become increasingly dense, more liquid fat is 
pressed out and the foam is soon so unstable that it collapses. 
The fat globules coagulate into grains of butter. At first these are 
invisible to the naked eye, but they grow progressively larger as 
working continues. 


Churning recovery 
Churning recovery (yield) is a measure of how much of the fat in 
the cream has been converted to butter. It is expressed in terms of 
the fat remaining in the buttermilk as a percentage of the total fat in the 
cream. For example, a churning recovery of 0.50 means that 0.5% of the 
cream fat has remained in the buttermilk and that 99.5% has been turned 
into butter. Churning yield is considered acceptable if the value is less than 
0.70. 

The curve in fig. 12.5 shows how churning recovery can vary over the 
year. The fat content of buttermilk is highest during the summer. 


ww 


Working 
Working takes place when the buttermilk has been drained off. The butter 
grains are pressed and squeezed to remove the moisture between them. 
The fat globules are subjected to a high pressure and liquid fat and fat crys- 
tals are forced out. In the resulting mass of fat (eventually the continuous 
phase) the moisture becomes finely dispersed by the working process, 
which is continued until the required moisture content is obtained. The 
finished butter should be dry, i.e. the water phase must be very finely dis- 
persed. No water droplets should be visible to the naked eye. 

The moisture content should be checked regularly during working and 
adjusted so that it complies with the requirements for the finished butter. 


Vacuum working 

Working at reduced air pressure is a method that is frequently used. The 
result is a butter that contains less air and it is therefore somewhat harder 
than normal. In vacuum-worked butter the air amounts to about 1% by 
volume as compared with 5 — 7% for normal butter. 


Continuous production 


Methods of continuous buttermaking were introduced at the end of the 


19th century, but their application was very restricted. Work was resumed in 


the 1940s and resulted in three different processes, all based on the tradi- 
tional methods: churning, centrifugation and concentration or emulsifying. 
One of the processes, based on conventional chuming, was the Fritz meth- 
od. This now predominates in Western Europe. In machines based on this 
method, butter is made in more or less the same way as by traditional 
methods. The butter is basically the same, except that it is somewhat matt 
and denser as a result of uniform and fine water dispersion. 


The manufacturing process 


The cream is prepared in the same way as for conventional churning before 
being continuously fed from the ripening tanks to the buttermaker. 
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Fig. 12.4 Butter churn for batch pro- 
duction. 


1 Control panel 


2 Emergency stop 
3 Angled baffles 


Churning yield 
0,70 
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Fig. 12.5 How churning yield can vary 
during the year (Sweden) 
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Fig. 12.6 A continuous buttermaking 


machine A sectional view of a buttermaker is shown in figures 12.6 and 12.7. The 
1 Churning cylinder cream is first fed into a double-cooled churning cylinder (1) fitted with beat- 
2 Separation section ers that are driven by a variable-speed motor. 

3 Squeeze-arying section Rapid conversion takes place in the cylinder and, when finished, the 

4 Second working section butter grains and buttermilk pass on to a separation section (2), also called 


the first working section, where the butter is separated from the buttermilk. 
The first washing of the butter grains takes place en route with recirculated 
chilled buttermilk. The separation section is equipped with a screw that 
initiates the working of the butter while conveying it to the next stage. 

As it leaves the separation section the butter passes through a conical 
channel and a perforated plate, the squeeze-drying section (3), where any 
remaining buttermilk is removed. The butter grains then proceed to the 
second working section (4). Each working section has its own motor, so 
that they can operate at different speeds for optimum results. Normally the 
first screw rotates at twice the speed of the screw in the second section. 
Following the last working stage, salt may be added by a high-pressure 
injector in the injection chamber (5). 

The next section, the vacuum working section (6), is connected to a 
vacuum pump. In this section it is possible to reduce the air content of the 
butter to the same level as for conventionally churned butter. 

The final working stage (7) is made up of four small sections, each of 
which is separated from the adjacent one by a perforated plate. Perfora- 
tions of different sizes and working impellers of different shapes are used to 
optimise treatment of the butter. In the first of these small sections there is 
also an injector for final adjustment of the moisture content. Once regulated, 
the moisture content of the butter deviates less than ~0.1%, provided the 
characteristics of the cream remain the same. 


Fig. 12.7 The vacuum working section 
5 Injection section 

6 Vacuum working section 

7 Final working stage 

8 Moisture control unit 
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Transmitters (8) for moisture content, salt content, density and tempera- 
ture can be fitted in the outlet from the machine. The signals from the instru- 
ments can be used for automatic control of these parameters. 

The finished butter is discharged from the end nozzle as a continuous 
ribbon into the butter silo for further transport to the packing machines. 

Continuous buttermaking machines are available for production capaci- 
ties of 200 — 5 000 kg/h butter from sour cream and 200 — 10 000 kg/h 
butter from sweet cream. 


New trends and possibilities for 
yellow fat products 


Since the turn of the century the pattern of edible fat consumption has 
shifted from butter to margarine. During the 80s there was also a clear trend 
towards reduced fat and low-fat products. 

These changes in consumer habits can be explained by the increasing 
use of prepared foods and heightened health-consciousness. 

As was mentioned in the introduction to this chapter, some new yellow 


fat products appeared on the market back in the 70s. The general advan- There is a clear trend towards 
tage claimed for them was that they were easier to spread at refrigerator reduced fat and low-fat 
temperature, while some were also specifically developed to satisfy the products. 


increasing demand for products of lower fat content without sacrificing the 
taste of butter. Two examples from Sweden, where they are now firmly 
established on the market, are Bregott and Latt & Lagom. 


Bregott 
Bregott is a spread of 80% fat content, of which 70 — 80% consists of milk 
fat and 20 - 30% of liquid vegetable oil such as soybean or rapeseed oil. 
The manufacturing technique is the same as for butter. 

As Bregott contains vegetable oil, it is classed as a margarine. Bregott 
can also be used for cooking. 


Latt & Lagom 

Latt & Lagom is legally defined in Sweden as a “soft” margarine (the IDF 
standard suggests the designation — or low fat blend), which means that the 
fat content must be between 39 and 41 grams per 100 grams of product. 
This type of spread is also called a minarine. 

The product is intended solely as a spread. It should not be used for 
cooking or baking, and definitely not for frying, on account of its high pro- 
tein content. The manufacturing process is essentially the same as for mar- 
garine. 

Butter oil — or strictly speaking anhydrous milk fat (AMF) — and soybean 
or rapeseed oil are mixed in proportions determined by the requirements of 
good spreadability at refrigerator temperature. Following the mixing an ap- 
propriate amount of the water phase, also containing protein harvested 
from ordinary cultured buttermilk, is added. The whole mixture is pasteur- 
ised in a plate heat exchanger and finallly chilled while being worked in 
special scraped-surface coolers and pin rotors. 

The presence of AMF and buttermilk protein gives the product a butter- 
like aroma. 

A new method of manufacturing these products, and butter too, is the 
TetraBlend process. 


The TetraBlend” process 


The process is a combination of two known process steps: cream concen- 
tration, and crystallisation combined with phase inversion. 

The cream is usually concentrated to 75 — 82% fat content in a hermetic 
separator, where the heavy phase is skimmilk, here also called buttermilk, 
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Dairy block 


Cream, 35 — 40% 
Cream, ~80% 
Buttermilk 
Vegetabile oil 


Fig. 12.8 The TetraBlend process line 


for the production of butter and dairy 
spreads. 
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which contains /ess fat than the buttermilk from traditional butter processes. 
In most cases skimmilk has a higher by-product value than buttermilk. 

For production of spreads of 40 to 60% fat content the concentrated 
cream of approximately 75 — 80% fat is diluted with water before process- 
ing, which results in a lower content of proteins and lactose. When cream of 
the same fat content as that of the final product is processed, the higher 
content of proteins and lactose impairs the flavour of the spread. 

A further advantage of using concentrated cream as a base for low-fat 
products is that no extra emulsifier is required, as the natural emulsifiers in 
the milk are available in the cream. 


The process line 


The process line is built around two blocks: 

1. A typical “dairy block “with cream concentration, pasteurisation and 
cooling 

2. A typical “margarine block” with preparation of the mix and phase 
inversion accompanied by working and cooling. 

The process line is illustrated in figure 12.8. 


Dairy block (to the left of the broken line in figure 12.8.) 

The process starts with pasteurised cream of 35 to 40% fat content. As the 
cream may come from another creamery or a local cream storage tank, its 
temperature must be adjusted to 60 — 70°C before it enters the cream 
concentrator, a hermetic centrifugal machine. The degree of concentration, 
i.e. the cream fat content, is automatically controlled by the continuous 
standardisation device described in chapter 6.2. Fat contents of up to 82% 
can be attained, (on special request even up to 84%, but then at the ex- 
pense of a high fat content, more than 10%, in the skim phase). Following 
fat standardisation the cream is cooled to 18 — 20°C before being routed to 
a holding/pre-crystallisation tank. 
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Margarine block (to the right of the broken line) 

This part of the process line starts with a batching station where the prod- 
uct mix is prepared. Various ingredients are mixed together according to the 
recipe for the product in question. Thus concentrated cream is mixed with 
appropriate volumes of vegetable oil, salt and water phase, in that order. 
After thorough mixing the mixture is pumped into a buffer tank (10). A new 
batch can then be prepared. 

The process is continuous from the buffer tank, from which the product 
mix is taken to the high pressure pump (11). It is then fed into the scraped- 
surface coolers (12), where phase inversion takes place. Before final cooling 
the spread is held and worked by pin rotors (13). Leaving the final cooling 
stage, the product enters the storage silo (14) from where it is pumped into 
the filling machine, often a tub filling machine. 

The whole process is controlled from a process computer and a recipe 
computer. 


Packaging 

There are basically three ways of transporting butter or dairy spreads from 

the machine to packaging: 

1. The product is discharged into a silo with a screw conveyor at the 
bottom. The conveyor feeds the product to the packaging machine. 

2. The product is pumped direct to the packaging machine. 

3. Transfer by means of trolleys filled with product. The trolleys are often 
fitted with screw conveyors. A combination of these methods is also 
possible. 

Butter can be packed in bulk packs of more than 5 kg and in packets from 

10 grams to 5 kg. Various types of machines are used, depending on the 

type of packaging. The machines are usually fully automatic, and both por- 

tioning and packaging machines can often be reset for different sizes, for 

example 250 g and 500 g or 10 g and 15 g. 

The wrapping material must be greaseproof and impervious to light, 
flavouring and aromatic substances. It should also be impermeable to mois- 
ture, otherwise the surface of the butter will dry out and the outer layers 
become more yellow than the rest of the butter. 

Butter is usually wrapped in aluminium foil. Parchment paper, once the 
most common wrapping material, is still used but has now been largely 
replaced by aluminium foil, which is much less permeable. 

After wrapping, the pat or bar packets continue to a cartoning machine 
for packing in cardboard boxes, which are subsequently loaded on pallets 
and transported to the cold store. 

Figure 12.2 shows the transport of butter from churning equipment to 
packaging machines. 

Dairy blends and spreads are mostly packed in tubs holding 250 — 600 
grams. 


Cold storage 


For the sake of consistency and appearance butter, dairy blends and 
spreads should be placed in cold storage after packing and kept at +5°C. 


Experimental buttermaking methods 


There have been many attempts to develop new manufacturing methods 
with the object of producing butter with no undesirable properties. One of 
these methods, the NIZO method (Dutch), uses sweet cream as the raw 
material. 

As much buttermilk as possible is drained off after butter formation. This 
sweet buttermilk consequently contains most of the copper ions. Externally 
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produced lactic acid is then added, together with a special starter culture, 
to produce the bacterial souring that gives the butter the required aroma. 
This method has a relatively good yield and the buttermilk is sweet. The 
butter has a good taste, good keeping qualities and high oxidation resis- 
tance. 

It is very likely that several similar methods will be adopted in the future if 
present tests fulfill their promise. However, there are still some obstacles. 
The methods cannot be used in countries where the addition of foreign 
substances (lactic acid) to dairy products is prohibited. 
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Chapter 13 


Anhydrous Milk Fat (AMF) 
(Butteroil) 


Anhydrous milk fat and butteroil are products consisting of more or less 
pure milk fat. Although they are modern industrial products, they have 
ancient traditional roots in some cultures. Ghee, a milk fat product with 
more protein and a more pronounced flavour than AMF, has been known 
in India and Arab countries for centuries. 


Anhydrous milk fat products are manufactured in three distinct qualities 
specified by FIL-IDF International Standard 68A:1977: 
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e Anhydrous Milk Fat must contain at least 99.8 % milk fat and be made 
from fresh cream or butter. No additives are allowed, e. g. for neutralisation 
of free fatty acids. 
e Anhydrous Butteroil must contain at least 99.8 % milk fat but can be 
made from cream or butter of different ages. Use of alkali to neutralise free 
fatty acids is permitted. 
e Butteroil must contain 99.3 % milkfat. Raw material and processing 
specifications are the same as for Anhydrous Butteroil. 

In this chapter the expression AMF will be used for all products de- 
scribed in FIL-IDF International Standard 68A:1977. 


AMF characteristics 


AMF is an excellent form for storage and transportation of butterfat because 
it requires less space than butter, which was the traditional form for storage 
of butterfat. 

Butter is regarded as a fresh product, although it can typically be stored 
at +4°C for up to 4 — 6 weeks. If it is stored for a longer period of time, say 
up to 10 —- 12 months, a storage temperature of max. -25°C is mandatory. 

AMF, typically packed in 200-litre barrels with an inert gas, nitrogen (N,), 
can be stored for several months at +4°C. AMF is a liquid at temperatures 
above 36°C and solid below 16 - 17°C. 

AMF is convenient to use in liquid form because it is easy to mix with 
and meter into other products. Thus AMF is used for recombination of vari- 
ous dairy products, but it is also used in the chocolate and ice cream man- 
ufacturing industries. 
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Demand for butter is decreasing, one reason being the 
increased use of AMF. One field of application where the use 
of AMF will increase is in “blends “ of 
different fat contents and with mixtures of 
butter and vegetable oils, to make prod- 
ucts with different functional properties. 

Customised fat products for various 
applications can be obtained by fractionation of 
AMF. 


Centrifugal 
separation 


Concentration of 
fat in two 


Production of AMF i 


Principles of production Method 
I 


Production of AMF principally takes place according 
Centrifugal pre- 
concentration 


Method 

II 
to two methods; the one in 
a continuous flow direct 
from cream (milk), the other 
via butter. The block chart in 
figure 13.2 visualises the 
two methods. 

The quality of the AMF is a 
result of the quality of the raw 
material and there should there- 
fore be no difference whatever 
method is chosen. If, for any rea- 
son, the respective qualities of 
cream and butter should be con- 
sidered not good enough, there 
are some means to improve the 
same by polishing (washing) the oil 
or even neutralise it before the final 
evaporation step is passed. The way to perform 
either of these operations is discussed below under 
AMF refining. 
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Manufacture of AMF from 


cream 


A production line for manufacture of AMF from 
cream is outlined in figure 13.3. 

Pasteurised or non-pasteurised cream of 35 — 
40% fat content enters the AMF plant via the bal- 
ance tank (1) and is routed via the plate heat exchanger (2) for temperature 
adjustment or pasteurisation to the centrifuge (4) for pre-concentration of 
the fat to about 75%. (The temperature at pre-concentration and down- 
stream to the plate heat exchanger (11) is maintained at approx. 60°C.) The 
“light” phase is collected in a buffer tank (6) to await further processing while 
the “heavy* phase, typically called buttermilk, can be passed through a 
separator (5) for recovery of fat which will then be mixed with incoming 
cream (3). The skimmilk goes back to the plate heat exchanger (2) for heat 
recovery and thence to a storage tank. 

After intermediate storage in tank (6) the cream concentrate is fed to a 
homogeniser (7) for phase inversion, after which it is passed through the 
final concentrator (9). 

As the homogeniser operates at a slightly higher capacity than the final 
concentrator, the surplus product not caught by the concentrator is recircu- 
lated to the buffer tank (6). Part of the mechanical energy used in the ho- 
mogenisation process is converted into heat; to avoid disturbing the tem- 
perature cycle of the plant, this surplus heat is removed in the cooler (8). 


Fig. 13.2 Block chart showing principle of AMF production. 
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Fig. 13.3 Production line for AMF from cream 7 Homogeniser for phase inversion 
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8 Plate heat exchanger for cooling 


10 Balance tank 
11 Plate heat exchanger for heating/cooling 


13 Storage tank 


Finally the oil, consisting of some 99.5% fat, is pre-heated to 95 — 98°C 
in a plate heat exchanger (11) and routed into a vacuum chamber (12) to 
obtain a moisture content not exceeding 0.1 %, after which the oil is cooled 
(11) to 35 — 40°C, the typical packing temperature. 

The key components of an AMF plant operating on cream are thus sepa- 
rators for concentration of fat and homogenisers for phase inversion. 


Manufacture of AMF from butter 


AME is often produced from butter, especially from butter that is not expect- 
ed to be used within a reasonable period of time. It has been found by 
experience that there may be some difficulty in achieving a completely 
bright oil after the final concentration step when freshly produced butter is 
the starting material; the oil tends to be impaired by slight cloudiness. This 
phenomenon does not occur with butter that has been stored for two 
weeks or more. 

The reason for this phenomenon is not fully understood, but it is known 
that it takes some time (weeks) after churning before the “body” of the but- 
ter is fully developed. It has also been noted that when samples of butter 
are heated, the emulsion of fresh butter seems to be more difficult to split 
than that of aged butter and that it does not look so bright either. 

Sweet cream, non-salted butter is normally used as the raw material, but 
cultured cream, salted butter may also be used. 

Figure 13.4 shows a standard plant for production of AMF from butter. 
The plant is fed with butter from boxes (25 kg) which have been stored for 
some period of time. The raw material may also be frozen butter stored at — 
25°C. 
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After having been stripped of the boxes, the butter is melted by indirect 
heating in equipment of various kinds. Before the final concentration starts, 
the temperature of the melted butter should have reached 60°C. 

Melting by direct heating (steam injection) leads as a rule to formation of 
a new type of emulsion with small air bubbles forming a dipersed phase, 
which is very difficult to separate. In the subsequent concentration this 
phase is concentrated together with the oil and causes cloudiness. 

After melting and heating the hot product is pumped to a holding tank (2) 
where it may be held for a certain period of time, 20 — 30 min, primarily to 
ensure complete melting but also for protein to aggregate. 


1 


Fig. 13.4 Production line for AMF from butter. 


From the holding tank the product is pumped to the final concentrator 
(3), after which the light phase, containing 99.5% fat, proceeds to a plate 
heat exchanger (5) for heating to 90 — 95°C, thence to a vacuum vessel (6), 
and finally back to the plate heat exchanger (5) for cooling to the packing 
temperature of 35 — 40°C. 

The heavy phase can be pumped into a tank for buttermilk or into a 
waste collecting tank, depending on whether it is “pure” or contaminated 
with a neutraliser. 

If the butter comes direct from a continuous buttermaker, the same risk 
of obtaining a cloudy oil arises as in the aforementioned case of fresh butter. 
However, with a final concentrator of hermetic design it is possible to regu- 
late the level inside the machine to obtain a bright oil phase of 99.5% fat at 
a slightly lower volume and a heavy phase of relatively high fat content, 
about 7% fat, at a slightly higher volume. The heavy phase should then be 
reseparated and the cream obtained recycled by mixing it with the cream 
fed to the continuous buttermaker. 


AMF refining 


AMF can be refined for various purposes. Examples of refining processes 
are: 

Polishing 

Neutralisation 

Fractionation 


e 
e 
e 
e Decholesterolisation 
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Fig. 13.5 Neutralisation of free fatty 
acids (FFA) can be one of the refining 
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Polishing 

Polishing involves washing of the oil with water to obtain a clear, shiny 
(bright) product. In this step 20 — 30% water is added to the oil coming from 
the final concentrator. The water temperature should be the same as the oil 
temperature. After a short hold the water is separated out again, taking 
water-soluble substances (mainly protein) with it. 


Neutralisation 

Neutralisation is performed to reduce the level of free fatty acids (FFA) 
present in the oil. High levels of FFA give rise to off-flavours in the oil and the 
products in which it is used. 

Alkali (NaOH) at a concentration of 8 — 10% is added to oil in an amount 
corresponding to the level of FFA. After a hold of approx. 10 seconds water 
is added in the same proportion as for polishing, and the saponified FFA is 
separated out together with the water phase. It is important that the oil and 
alkali are well mixed, but this must be done gently to avoid re-emulsification 
of the fat. 

The arrangement of a neutralisation step is shown in figure 13.5. The 
alkali solution in tank (1), at 8- 10 % concentration and a temperature 
equal to that of the oil leaving the final concentrator, is dosed (2) into the oil 
stream. After thorough mixing (3) the flow passes a holding section (4) for 
10 seconds, after which hot water is dosed into the stream (5) in an amount 
of some 20 % of the flow en route to a second concentrator (6), via a mix- 
ing unit (7). 


Fractionation 

Fractionation is a process where the oil is separated into high-melting and 
low-melting fats. These fractions have different properties and can be used 
in various products. 

There are several methods of fractionating fat, but the most commonly 
used is one in which no additives are used. The process can be briefly 
described as follows: 

The AMF, often polished to obtain the highest possible degre of purity in 
the “raw oil’, is melted and then cooled slowly to a calculated temperature 
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at which the specified fraction crystallises out while fractions with lower 
melting points remain liquid. The crystals are harvested with special filters. 
The filtrate is then cooled to a lower temperature at which other fractions 
crystallise and are harvested, and so on. 


Decholesterolisation 
Decholesterolisation is a process in which cholesterol is removed from the 
AMF. 

A frequently used method is to mix the oil with a modified starch, beta- 
cyclodextrine (BCD). The BCD molecule surrounds the cholesterol and 
forms a precipitate which can be separated out by centrifugation. 


Packaging 

AMF is filled in containers of various sizes. For households and restaurants 
containers of 1 kg to 19.5 kg are available and for industrial uses drums of 
minimum 185 kg. 

Normally an inert gas, nitrogen (N,), is first injected in the container. As 
thd N, gas is heavier than air it sinks to the bottom. When filling the AMF — 
that is heavier than N, — the AMF will come underneath and the N, gas will 
create an "air-tight lid" preventing the AMF form air induced oxidation. 
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Chapter 4! 


Cheese 


Tradition 
and basic knowledge 


Cheese has been made in most cultures from ancient times. 

e Cheese is a milk concentrate, the basic solids of which consist mainly 
of protein, actually casein, and fat. The residual liquid is called whey. 

e As a rule of thumb, the casein and fat in the milk are concentrated 
approx. 10 times in production of hard and some semi-hard types of 
cheese. 

e No strict definition of the concept of cheese is possible, as so many 
variants exist. 
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The biggest cheese ever made 
was a Cheddar cheese weighing 
15 190 kg. It was produced in 
January 1964 by the Wisconsin 
Foundation to be exhibited at 
the World Expo in New York. It 
took 43 hours to produce. 


In 1974 some Russians found a 
cheese in the permafrost of the 
Siberian tundra. It was at least 
2 000 years old and was said to 
be an unrivalled delicacy. 
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e The moisture content of the cheese serves to distinguish various 
categories, such as hard (low-moisture), semi-hard and soft cheeses. 

A generally accepted classification of cheese is given in FAO/WHO 
Standard No. A 6. 

e Each category is distinguished by a number of characteristics, such as 
structure (texture, body), flavour and appearance, which result from the 
choice of bacteria and technique employed. 

e Processed cheese is a heat-treated product based on different types of 
cheese of varying age according to FAO/WHO Standards No. A 8 (b). 

e Whey cheese is a type of cheese predominantly produced in Norway 
and Sweden and is defined according to FAO/WHO Standard No. A 7 as 
follows: 

Whey cheeses are products obtained by the concentration of whey 
and the moulding of concentrated whey, with or without the addition 
of milk and milk fat. 

e Cream cheese is a soft unripened cheese briefly described in the FAO/ 
WHO Standard C 31 as possessing a mild creamy or acid flavour and 
aroma typical of a milk product cultured with lactic acid and aroma- 
producing bacteria. It spreads and mixes readily with other foods. 


Terminology for 
classification of cheese 


(Source: Codex Alimentarius, FAO/WHO, Standard A6) 

Cheese is the fresh or ripened solid or semi-solid product in which the whey 

protein/casein ratio does not exceed that of milk, obtained: 

a by coagulating (wholly or partly) the following raw materials: milk, 
skimmed milk, partly skimmed milk, cream, whey cream, or buttermilk, 
through the action of rennet or other suitable coagulating agents, and by 
partially draining the whey resulting from such coagulation; 

or 

b by processing techniques involving coagulation of milk and/or materials 
obtained from milk which give an end product which has similar physical, 
chemical and organoleptic characteristics as the product systemised 
under Classification of cheese. 


Definitions 


1.1 Cured or ripened cheese is cheese which is not ready for 
consumption shortly after manufacture but which must be held for 
such time, at such temperature, and under such other conditions as 
will result in the necessary biochemical and physical changes 
characterising the cheese. 

1.2 Mould cured or mould ripened cheese is a cured cheese in which the 
curing has been accomplished primarily by the development of 
characteristic mould growth throughout the interior and/or on the 
surface of the cheese. 

1.3 Uncured, unripened, or fresh cheese is cheese which is ready for 
consumption shortly after manufacture. 


Classification of cheese 


The classification shown in table 14.1 applies to all cheeses covered by this 
standard. However, this classification shall not preclude the designation of 
more specific requirements in individual cheese standards. 
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Table 14.1 


Classification of cheese 


Designation according 
to principal curing 
characteristics 


Term Ill 


1. Cured or ripened 


2. Mould cured or ripened 


3. Uncured or unripened*** 


a. mainly surface 
b. mainly interior 


a. mainly surface 
b. mainly interior 


Term | Term Il 
If the The 1st phrase If the The 2nd phrase 
MFFB* in the designa- FDB** in the designa- 
is, % tion shall be is, % tion shall be 
< 41 Extra hard > 60 High fat 
49 - 56 Hard 45 - 60 Full fat 
54 - 63 Semi-hard 25-45 Medium fat 
61-69 Semi-soft 10-25 Low fat 
>67 Soft <0) Skim 
7 MFFB equals percentage moisture on fat-free basis, i.e. 
Weight of moisture in the cheese x 100 


Total weight of cheese — weight of fat in cheese 
**  FDB equals percentage fat on dry basis, i.e. 
Fat content of the cheese x 100 
Total weight of cheese — weight of fat in cheese 
** Milk intended for this type of cheese to be pasteurised. 


Examples: 

Type Origin FDB MFFB Term 1 

Parmesan | 35+ = 40% Extra hard 
Grana | 35+ =41% Extra hard 
Emmenthal CH 45+ 252% Hard 

Gruyère F 45+ 25215% Hard 

Cheddar UK 50+ = 5% Hard/Semi-hard 
Gouda NL 45+ =57% Semi-hard 
Tilsiter D 45+ Z5% Semi-hard 
Havarti DK 45+ = 59% Semi-hard 

Blue cheese DK, F, S etc. 50+ =61% Semi-hard/Semi-soft 
Brie F 45+ = 68% Semi-soft 
Cottage cheese USA >10 < 69% Soft 


Cheese production — 
general procedures for hard 
and semi-hard cheese 


Cheesemaking involves a number of main stages which are common to 
most types of cheese. There are also other modes of treatment which are 
specific to certain varieties. The main stages for production of hard and 
semi-hard cheese are illustrated schematically on the block chart in figure 
14.1. 

The cheese milk is pretreated, possibly preripened after addition of a 
bacteria culture appropriate to the type of cheese, and mixed with rennet. 
The enzyme activity of the rennet causes the milk to coagulate to a solid gel 
known as coagulum. This is cut with special cutting tools into small cubes 
of the desired size — in the first place to facilitate expulsion of whey. During 
the rest of the curdmaking process the bacteria grow and form lactic acid, 
and the curd grains are subjected to mechanical treatment with stirring 
tools, while at the same time the curd is heated according to a preset pro- 
gramme. The combined effect of these three actions — growth of bacteria, 
mechanical treatment and heat treatment — results in syneresis, i.e. separa- 


Dairy Processing Handbook/chapter 14 


289 


290 


E LELECELTII 


BnnENEEEEEE = Options 


Cheese milk 
e Fat standardisation 
e Fat relative to SNF (Casein) = F/SNF (Casein) 


e Pasteurisation 

| e 70-72°C/15-20 s (not always employed) 
DR e Cooling to about 30°C = renneting 
temperature 


Options 

e Mechanical reduction of bacteria: 
e Bactofugation 
e Microfiltration 


From milk to cheese 


e In the cheese vat 
e Conditioning of cheese milk 
e Additives: 
— Calcium chloride 
— Saltpetre, if permitted by law 
— Starter bacteria, appropriate to type 
of cheese 
— Rennet as coagulant 
e Coagulum 
e Cutting into grains (curd) 
e Heating, scalding, directly or indirectly, 
depending on type of cheese 
e Collection of curd for pre-pressing and/or 
final moulding/pressing, and if required 
e brine salting 
or for cheddar cheese 
e Cheddaring followed by milling, salting, 
hooping, and pressing 
e Formed, pressed, and salted cheese to ripening 
room storage for required time 


Fig. 14.1 Process flow in production of hard and semi-hard cheese. 


tion of whey from the curd grains. The finished curd is placed in cheese 
moulds of metal, wood or plastic, which determine the shape of the finished 
cheese. 

The cheese is pressed, either by its own weight or more commonly by 
applying pressure to the moulds. Treatment during curdmaking and press- 
ing determines the characteristics of the cheese. 

The process flow chart in figure 14.1 also shows salting and storage. 
Finally, the cheese is coated, wrapped or packed. 


Milk treatment prior to 
cheesemaking 


The suitability of milk as a raw material for cheese production depends 
largely on conditions at the dairy farm. Quite apart from the general demand 
for strict hygienic conditions, milk from sick cows or animals undergoing 
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treatment with antibiotics must not be used for cheesemaking, or any other 
milk product. 

Feeding animals on badly prepared silage can adversely affect the quality 
of several varieties of cheese. 


Milk collection 


With the classical method of milk reception, i.e. delivery of milk in churns to 
the dairy in the course of a few hours in the morning of all milk needed for 
the day’s production, the milk was treated almost immediately after being 
weighed in. The fat content was then standardised in conjunction with sep- 
aration and pasteurisation and, after regenerative cooling to renneting tem- 
perature, the milk was pumped to the cheesemaking vats. 

The practice of collecting milk from farms at intervals of two or even 
three days is becoming more and more widespread. This means that espe- 
cially stringent demands must be made on the way the milk is treated by 
the producers as well as on the tanker drivers, who should have the author- 
ity to refuse to accept milk that is even slightly affected and/or impaired by 
off-flavours. Bovine mastitis is a common disease that causes the cow pain 
as well as drastically affecting the composition of the milk; farmers must 
discard such milk, or at least not send it to the dairy. 


Heat treatment and mechanical reduction 
of bacteria. 


Thermisation 

When collection of milk on alternate days was introduced, cheese produc- 
ers who had to use such milk noticed that the quality of the cheese fre- 
quently deteriorated. This tendency was particularly noticeable when the 
milk had to be stored a further day after reception, even when it was chillled 
to 4°C in conjunction with transfer from road tanker to storage tank. Even 
longer storage times may be expected when working weeks are limited to 
six or even five days. 

During cold storage, the milk protein and milk salts change character, 
which tends to impair cheesemaking properties. It has been shown that 
about 25 % of the calcium precipitates as phosphate after 24 hours storage 
at +5°C. This reduction, however, is temporary; when the milk is pasteur- 
ised, the calcium redissolves and the coagulating properties of the milk are 
almost completely restored. B-casein also leaves the complex casein mi- 
celle system during cold storage, which further contributes to reducing the 
cheesemaking properties. However, this reduction too is almost completely 
restored by pasteurisation. 

Another and equally important phenomenon is that the microflora intro- 
duced into the milk by recontamination — especially Pseudomonas spp — 
will adapt to the low temperature at which their enzymes, proteinases and 
lipases, will decompose protein and fat respectively. The result of such 
action is a “bitter“ flavour emanating from decomposition of the B-casein 
that has left the casein micelle during low-temperature storage. 

The proteolytic and lipolytic enzymes formed by Pseudomonas may also 
co-operate to penetrate the membranes of the fat globules. This symbiotic 


Milk from sick cows or animals 
undergoing treatment with anti- 
biotics must not be used for 
cheesemaking, or any other 
milk product. 


Thermisation 

Moderate heat treatment at 
65°C for 15 s which is often 
given to cheese milk. 


Fig. 14.2 Reception arrangements for 
cheese milk. 
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Regular HTST pasteurisation 
at 72 - 73°C for 15 — 20 
seconds is most commonly 
applied. 
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co-operation leads to liberation of fatty acids, especially the lower ones, by 
lipase action, giving the milk a rancid flavour. 

So if milk that is already at least 24 — 48 hours old cannot be processed 
within about 12 hours after arrival to the dairy, it is advisable to chill it to 
about +4°C or, even better, to thermise it. 

Thermisation means moderate heat treatment, 65°C for 15 seconds, 
followed by cooling to +4°C after which the milk is still pbnospatase positive. 
This technique was basically introduced for the purpose of arresting growth 
of psychotrophic flora when milk was stored for a further 12 — 48 hours after 
arrival at the dairy. As mentioned in chapter 1, the “critical age” of raw milk 
kept at +4°C normally falls between 48 and 72 hours after milking. See also 
figure 1.13, in chapter 1. Figure 14.2 shows the arrangement of a milk re- 
ception station. 


Pasteurisation 
Before the actual cheesemaking begins, the milk usually undergoes pre- 
treatment designed to create optimum conditions for production. 

Milk intended for types of cheese which require more than one month for 
ripening need not nessesarily be pasteurised, but usually is. 

From table 14.1 we can see that milk intended for unripened cheese 
(fresh cheese) must be pasteurised. This implies that cheese milk for types 
needing a ripening period of at least one month need not be pasteurised. 

Whey used for fodder must however be pasteurised to prevent it from 
spreading bovine diseases. However, if the cheese milk is pasteurised it is 
not necessary to pasteurise the whey separately. 

Milk intended for original Emmenthal, Parmesan and Grana, some extra 
hard types of cheese, must not be heated to more than 40°C, to avoid 
affecting flavour, aroma and whey expulsion. Milk intended for these types 
of cheese normally comes from selected dairy farms with frequent veteri- 
nary inspection of the herds. 

Although cheese made from unpasteurised milk is considered to have a 
better flavour and aroma, most producers (except makers of the extra hard 
types) pasteurise the milk because its quality is seldom so dependable that 
they are willing to take the risk of not pasteurising it. 

Pasteurisation must be sufficient to kill bacteria capable of affecting the 
quality of the cheese, e.g. Coliforms, which can cause early “blowing” and a 
disagreeable taste. 

Regular HTST pasteurisation at 72 — 73°C for 15 — 20 seconds is there- 
fore most commonly applied. 

However, spore-forming micro-organisms in the spore state survive 
pasteurisation and can cause serious problems during the ripening process. 
One example is Clostridium tyrobutyricum, which forms butyric acid and 
large volumes of hydrogen gas by fermenting lactic acid. This gas destroys 
the texture of the cheese completely, not to mention the fact that butyric 
acid is unsavoury. 

More intense heat treatment would reduce that particular risk, but would 
also seriously impair the general cheesemaking properties of the milk. Other 
means of reducing thermotolerant bacteria are therefore used. 

Traditionally, certain chemicals have been added to cheese milk prior to 
production to prevent “blowing” and development of the unpleasant flavour 
caused by heat-resistant spore-forming bacteria (principally Clostridium 
tyrobutyricum). The most commonly used chemical is sodium nitrate 
(NaNO,), but at production of Emmenthal cheese, hydrogen peroxide (H,O,) 
is also used. However, as the use of chemicals has been widely criticised, 
mechanical means of reducing the number of unwanted micro-organisms 
have been adopted, particularly in countries where the use of chemical 
inhibitors is banned. 
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Mechanical reduction of bacteria 


Bactofugation 

As was discussed in chapter 6.2, bactofugation is a process in which a 
specially designed hermetic centrifuge, the Bactofuge®, is used to separate 
bacteria, and especially the spores formed by specific bacteria strains, from 
milk. 

Bactofugation has proved to be an efficient way of reducing the number 
of spores in milk, since their specific gravity is higher than that of milk. 

Bactofugation normally separates the milk into a fraction which is more 
or less free from bacteria and a concentrate (bactofugate) which contains 
both spores and bacteria in general and amounts up to 3 % of the feed to 
the Bactofuge. 

Bactofugation of milk is always a part of milk pretreatment. In applica- 
tions where quality milk for cheese and powder production is the objective, 
the Bactofuge is installed in series with the centifugal separator, either 
downstream or upstream of it. 

When the quality of the surplus cream produced by direct in-line fat 
standardisation is an important consideration, the Bactofuge should be 
installed upstream of the separator. By doing so the cream quality will be 
improved as the load of spores of aerobic sporeformers such as Bacillus 
cereus will be reduced. 

The same temperature is often chosen for bactofugation as for separa- 
tion, i.e. 55 — 65°C or typically 60 - 638°C. 

There are two types of Bactofuge: 

e The two-phase Bactofuge 
e The one-phase Bactofuge 
The two-phase Bactofuge has two outlets at the top: 

— one for continuous discharge of the heavy phase (bactofugate) via a 

special top disc, and 

— one for the bacteria-reduced phase. 

The one-phase Bactofuge has only one outlet at the top of the bowl, for 
bacteria-reduced milk; the bactofugate is collected in the sludge space of 
the bowl and discharged at preset intervals through ports in the bowl body. 

These two types make it possible to choose various combinations of 
equipment to optimise the bacteriological status of milk used for both 
cheesemaking and other purposes. 


In this context it may also be mentioned that whey, if intended for pro- Fig.14.3 Bactofugation with continuous 
duction of whey protein concentrate as an ingredient in infant formulae, discharge and sterilisation of the bacto- 
should be bactofuged after recovery of fines and fat. fugate. 

1 Pasteuriser 
Process alternatives 2 Centrifugal separator 
There are about ten possible ways to configure a bactofugation plant; three 3 Automatic standardisation system 
examples are given here: ee TWO Dias Bactonige 

5 Infusion steriliser 


1 Two-phase Bactofuge with continuous discharge of bactofugate 


2 One-phase Bactofuge with intermittent discharge of bactofugate ce Mik 
3 Double bactofugation, with two one-phase Bactofuges in series. mee Cream 
amu  Bactofugate 
: ; : m ë Steam 
1. Two-phase Bactofuge with continuous discharge of bactofugate Heating medium 
This concept, shown in figure 14.3, works under airtight conditions and === Cooling medium 
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Fig. 14.4 Bactofugation with intermittent 


produces a continuous flow of air-free bacteria concentrate (bactofugate) as 
the heavy phase. This phase, comprising up to 3 % of the feed flow (adjust- 
ed by an external lobe-rotor pump with variable speed control) is often 
sterilised and remixed with the main flow. The steriliser is of infusion type, 
and a sterilisation temperature of approx. 130°C for a few seconds is suffi- 
cient to inactivate spores of Clostridia micro-organisms. The hot bactofu- 
gate leaving the steriliser is mixed with about half the volume of the bacto- 
fuged milk to lower the temperature before it is reintroduced into the rest of 
the bactofuged flow. Following mixing, the milk is routed to the pasteuriser 
to be pasteurised at 72°C for 15 seconds, followed by regenerative and 
final cooling to renneting temperature. 

The Bactofuge with continuous discharge of bactofugate is used in ap- 
plications where 

— remixing of sterilised bactofugate is possible, 

— there is an alternative use for the bactofugate in a product where the 

heat treatment is strong enough to inactivate the micro-organisms. 

Nominal hourly capacities are 15 000 | and 25 000 | (two sizes of centri- 
fuge), which empirically achieve at least 98% reduction of anaerobic spores. 


2. One-phase Bactofuge with intermittent discharge of bactofugate 
To achieve the same reduction effect as mentioned above, nominal capaci- 
ties of 15 000 I/h and 25 000 I/h are likewise recommended. The bactofu- 
gate from a one-phase Bactofuge is discharged intermittently through ports 
in the bowl body at preset intervals of 15 — 20 minutes, which means that 
the bactofugate will be rather concentrated and thus also low in volume, 
0.15 - 0.2% of the feed. When the bactofugate is to be re-introduced into 
the cheese milk, it must be sterilised. This is illustrated in figure 14.4, which 
also shows that before being pumped to the infusion steriliser the concen- 


trate is diluted with bactofuged milk, some 1.8 % of the feed, to obtain a 
sufficient volume for proper sterilisation. Start and stop of the discharge 
pump (6) is linked to the operation mode of the discharge system of the 
Bactofuge. 

As it leaves the steriliser the hot bactofugate is cooled by admixture of 
bactofugated milk, about 50 % of the basic feed. 

Where legislation does not permit reuse of the bactofugate, it can be 
discharged to the drain or collected in a tank for products to be sent to a 
destruction plant. 


3. Double bactofugation with two one-phase Bactofuges in series. 
Bactofuging milk once is not always sufficient, particularly at high spore 
loads in the milk. With double bactofugation, reduction of Clostridia spores 
reaches more than 99%. Figure 14.5 illustrates a plant with two one-phase 
Bactofuges in series serving one sterilising unit. 

What was said above about treatment of the bactofugate applies here 
too. 

Double bactofugation is sufficient in most cases to produce cheese 
without addition of bacteria-inhibiting chemicals. During periods when very 
high loads of spore-formers are expected, small amounts of chemicals, 2.5 
-5 g per 100 I of milk, may however be used for safety if legally allowed. 
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Without any mechanical means of reducing spores it is normal to add 
some 15 — 20 g of sodium nitrate per 100 | of milk to inhibit their growth, 
but with single bactofugation and a high load of spores in milk, 2.5 — 5 g per 
100 | of milk will prevent the remaining spores from growing. 


Microfiltration 
It has been known for a long time that a membrane filter with a pore size of 
approximatly 0.2 micron can filter bacteria from a water solution. 

In microfiltration of milk, the problem is that most of the fat globules and 
some of the proteins are as large as, or larger than, the bacteria. This re- 
sults in the filter fouling very quickly when membranes of such a small pore 
size are chosen. It is thus the skimmilk phase that passes through the filter, 
while the cream needed for standardisation of the fat content is sterilised, 
typically together with the bacteria concentrate obtained by simultaneous 
microfiltration. The principle of microfiltration is discussed in Chapter 6.4, 
Membrane filters. 

In practice, membranes of a pore size of 0.8 to 1.4 micron are chosen to 
lower the concentration of protein. In addition, the protein forms a dynamic 
membrane that contributes to the retention of micro-organisms. 

The microfiltration concept includes an indirect sterilisation unit for com- 
bined sterilisation of an adequate volume of cream for fat standardisation 
and of retentate from the filtration unit. 

Figure 14.6 shows a milk treatment plant with microfiltration. The micro- 
filtration plant is provided with two loops working in parallel. Each loop can 
handle up to 5 000 l/h of skimmilk, which means that this plant has a 
throughput capacity of approximately 10 000 I/h. Capacity can thus be 
increased by adding loops. 

The raw milk entering the plant is preheated to a suitable separation 
temperature, typically about 60 — 63°C, at which it is separated into skim- 
milk and cream. A preset amount of cream, enough to obtain the desired fat 


Fig.14.5 Double bactofugation with 
optional steriliser. 
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Fig.14.6 Milk treatment including 
double-loop microfilter and sterilisation 
of bacteria concentrate together with the 
cream needed for fat standardistion of 
the cheese milk. 
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Fig. 14.7 Example of seasonal varia- 
tions in milk protein and fat content. 
(Average figures for 1966-1971, Swe- 
den) 


The main task of the culture is 
to develop acid in the curd. 
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content in the cheese milk, is routed by a standardisation device to the 
sterilisation plant. 

In the meantime the skimmilk is piped to a separate cooling section in 
the sterilising plant to be cooled to 50°C, the normal microfiltration tempera- 
ture, before entering the filtration plant. 

The flow of milk is divided into two equal flows, each of which enters a 
loop where it is fractionated into a bacteria-rich concentrate (retentate), 
comprising about 5% of the flow, and a bacteria-reduced phase (permeate). 

The retentates from both loops are then united and mixed with the 
cream intended for standardisation before entering the steriliser. Following 
sterilisation at 120 - 130°C for a few seconds, the mixture is cooled to 
about 70°C before being remixed with the permeate. Subsequently the total 
flow is pasteurised at 70 — 72°C for about 15 seconds and cooled to ren- 
neting temperature, typically 30°C. 

Due to the high bacteria-reducing efficiency, microfiltration allows pro- 
duction of hard and semi-hard cheese without any need for chemicals to 
inhibit growth of Clostridia spores. 


Standardisation 

Types of cheese are often classified according to fat on dry basis, FDB. The 
fat content of the cheesemilk must therefore be adjusted accordingly. For 
this reason the protein and fat contents of the raw milk should be measured 
throughout the year and the ratio between them standardised to the re- 
quired value. Figure 14.7 shows an example of how the fat and protein 
content of milk can vary during one year (average figures from measure- 
ments in Sweden over a 5-year period, 1966 to 1971). 

Standardisation can be accomplished either by in-line remixing after the 
separator (see Chapter 6.2, Automatic in-line standardisation systems), or 
for example by mixing whole milk and skimmilk in tanks followed by pas- 
teurisation. 


Additives in cheesemilk 


The essential additives in the cheesemaking process are the starter culture 
and the rennet. Under certain conditions it may also be necessary to supply 
other components such as calcium chloride (CaCl,) and saltpetre (KNO, or 
NaNO,). An enzyme, Lysozyme, has also been introduced as a substitute 
for saltpetre as an inhibitor of Clostridia organisms. An interesting approach 
for improving cheesemaking properties is the introduction of carbon dioxide 
(CO,) into the cheese milk. 


Starter 
The starter culture is a very important factor in cheesemaking; it performs 
several duties. 

Two principal types of culture are used in cheesemaking: 

— mesophilic cultures with a temperature optimum between 20 and 40°C 
and 
— thermophilic cultures which develop at up to 45°C. 

The most frequently used cultures are mixed strain cultures, in which two 
or more strains of both mesophilic and thermophilic bacteria exist in symbi- 
osis, i.e. to their mutual benefit. These cultures not only produce lactic acid 
but also aroma components and CO,. Carbon dioxide is essential to creat- 
ing the cavities in round-eyed and granular types of cheese. Examples are 
Gouda, Manchego and Tilsiter from mesophilic cultures and Emmenthal 
and Gruyère from thermophilic cultures. 

Single-strain cultures are mainly used where the object is to develop acid 
and contribute to protein degradation, e.g. in Cheddar and related types of 
cheese. 

Three characteristics of starter cultures are of primary importance in 
cheesemaking, viz. 

— ability to produce lactic acid 
— ability to break down the protein and, when applicable, 
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- ability to produce carbon dioxide (CO,). 
The main task of the culture is to develop acid in the curd. 

When milk coagulates, bacteria cells are concentrated in the coagulum. 
Development of acid lowers the pH, which is important in assisting syner- 
esis (contraction of the coagulum accompanied by elimination of whey). 
Furthermore, salts of calcium and phosphorus are released, which influence 
the consistency of the cheese and help to increase the firmness of the curd. 

Another important function performed by the acid-producing bacteria is 
to suppress surviving bacteria from pasteurisation or recontamination bac- 
teria which need lactose or cannot tolerate lactic acid. 

Production of lactic acid stops when all the lactose in the cheese (except 
in soft cheeses) has been fermented. Lactic acid fermentation is normally a 
relatively fast process. In some types of cheese, such as Cheddar, it must 
be completed before the cheese is pressed, and in other types within a 
week. 

If the starter also contains CO,-forming bacteria, acidification of the curd 
is accompanied by production of carbon dioxide through the action of citric 
acid fermenting bacteria. Mixed strain cultures with the ability to develop 
CO, are essential for production of cheese with a texture with round holes/ 
eyes or irregularly shaped eyes. The evolved gas is initially dissolved in the 
moisture phase of the cheese; when the solution becomes saturated, the 
gas is released and creates the eyes. 

The ripening process in hard and certain semi-hard cheeses is a com- 
bined proteolytic effect where the original enzymes of the milk and those of 
the bacteria in the culture, together with rennet enzyme, cause decomposi- 
tion of the protein. 


Disturbances in cultures 
Disturbances in the form of slow acidification or failure to produce lactic 
acid can sometimes occur. 

One of the most common causes is the presence of antibiotics used to 
cure udder diseases. 

Another possible source is the presence of bacteriophages, thermotoler- 
ant viruses found in the air and soil. 

The detrimental action of both phenomena is discussed in Chapter 10, 
Cultures and starter manufacture. 

A third cause of disturbance is detergents and sterilising agents used in 
the dairy. Carelessness, especially in the use of sanitisers, is a frequent 
cause of culture disturbances. 


Calcium chloride (CaCl,) 


If the milk is of poor quality for cheesemaking, the coagulum will be soft. 
This results in heavy losses of fines (casein) and fat as well as poor syner- 
esis during cheesemaking. 

5 — 20 grams of calcium chloride per 100 kg of milk is normally enough 
to achieve a constant coagulation time and result in sufficient firmness of 
the coagulum. Excessive addition of calcium chloride may make the coagu- 
lum so hard that it is difficult to cut. 

For production of low-fat cheese, and if legally permitted, disodium 
phosphate (Na,PO,), usually 10 — 20 g/kg, can sometimes be added to the 
milk before the calcium chloride is added. This increases the elasticity of 
the cogulum due to formation of colloidal calcium phosphate (Ca,(PO,),), 
which will have almost the same effect as the milk fat globules entrapped in 
the curd. 


Carbon dioxide (CO,) 


Addition of CO, is one method of improving the quality of cheese milk. 
Carbon dioxide occurs naturally in milk, but most of it is lost in the course of 
processing. Adding carbon dioxide by artificial means lowers the pH of the 
milk: the original pH is normally reduced by 0.1 to 0.3 units. This will then 
result in shorter coagulation time. The effect can be utilised to obtain the 
same coagulation time with a smaller amount of rennet. 
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Fig. 14.8 Addition of CO, gas to 
cheese milk. 
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Cheese milk 4 pa 


The addition is made in-line in conjunction with filling of the cheese- 
making vat/tank as shown in figure 14.8. The rate at which the CO, gas is 
injected, and the time of contact with the milk before rennet admixture, 
must be calculated when the system is installed. Producers who use car- 
bon dioxide admixture have reported that rennet consumption can be 
halved with no adverse effects. 


Saltpetre (NaNO, or KNO.) 


Fermentation problems may, as previously mentioned, be experienced if the 
cheese milk contains butyric-acid bacteria (Clostridia) and/or Coliform bac- 
teria. Saltpetre (sodium or potassium nitrate) can be used to counteract 
these bacteria, but the dosage must be accurately determined with refe- 
rence to the composition of the milk, the process for the type of cheese, 
etc., as too much saltpetre will also inhibit growth of the starter. Overdosage 
of saltpetre may affect the ripening of the cheese or even stop the ripening 
process. 

Saltpetre in high doses may discolour the cheese, causing reddish 
streaks and an impure taste. The maximum permitted dosage is about 30 
grams of saltpetre per 100 kg of milk. 

In the past decade usage of saltpetre has been questioned from a medi- 
cal point of view, and in some countries it is also forbidden. 

If the milk is treated in a bactofuge or a microfiltration plant, the saltpetre 
requirement can be radically reduced or even eliminated. This is an impor- 
tant advantage, as an increasing number of countries are prohibiting the 
use of saltpetre. 


Colouring agents 
The colour of cheese is to a great extent determined by the colour of the 
milk fat, and undergoes seasonal variations. Colours such as carotine and 
orleana, an anatto dye, are used to correct these seasonal variations in 
countries where colouring is permitted. 

Green chlorophyll (contrast dye) is also used, for example for blue- 
veined cheese, to obtain a “pale” colour as a contrast to the blue mould. 


Rennet 
Except for types of fresh cheese such as cottage cheese and quarg, in 
which the milk is clotted mainly by lactic acid, all cheese manufacture de- 
pends upon formation of curd by the action of rennet or similar enzymes. 
Coagulation of casein is the fundamental process in cheesemaking. It is 
generally done with rennet, but other proteolytic enzymes can also be used, 
as well as acidification of the casein to the iso-electric point (OH 4.6 — 4.7). 
The active principle in rennet is an enzyme called chymosine, and coagu- 
lation takes place shortly after the rennet is added to the milk. There are 
several theories about the mechanism of the process, and even today it is 
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not fully understood. However, it is evident that the process operates in 
several stages; it is customary to distinguish these as follows: 

— Transformation of casein to paracasein under the influence of rennet 

— Precipitation of paracasein in the presence of calcium ions. 
The whole process is governed by the temperature, acidity, and calcium 
content of the milk as well as other factors. The optimum temperature for 
rennet is in the region of 40°C, but lower temperatures are normally used in 
the practice, basically to avoid excessive hardness of the coagulum. 

Rennet is extracted from the stomachs of young calves and marketed in 
form of a solution with a strength of 1:10 000 to 1:15 000, which means 
that one part of rennet can coagulate 10 000 — 15 000 parts of milk in 40 
minutes at 35°C. Bovine and porcine rennet are also used, often in combi- 
nation with calf rennet (50:50, 30:70, etc.). Rennet in powder form is nor- 
mally 10 times as strong as liquid rennet. 


Substitutes for animal rennet 
About 50 years ago, investigations were started to find substitutes for ani- 
mal rennet. This was done primarily in India and Israel on account of vege- 
tarians’ refusal to accept cheese made with animal rennet. In the Muslim 
world, the use of porcine rennet is out of the question, which is a further 
important reason to find adequate substitutes. Interest in substitute prod- 
ucts has grown more widespread in recent years due to a shortage of ani- 
mal rennet of good quality. 

There are two main types of substitute coagulants: 

— Coagulating enzymes from plants, 

— Coagulating enzymes from micro-organisms. 
Investigations have shown that coagulation ability is generally good with 
preparations made from plant enzymes. A disadvantage is that the cheese 
very often develops a bitter taste during storage. 

Various types of bacteria and moulds have been investigated, and the 
coagulation enzymes produced are known under various trade names. 

DNA technology has been utilised in recent times, and a DNA rennet 
with characteristics identical to those of calf rennet is now being thoroughly 
tested with a view to securing approval. 


Other enzymatic systems 
Several research insitutions are working to isolate enzymatic systems that 
can be used to accelerate the ageing of cheese. The technique is not yet 
fully developed, and is therefore not commonly used. 

It is however important that all such bio-systems are carefully tested and 
eventually approved by the relevant authorities. 


Cheesemaking modes 


Cheese of various types is produced in several stages according to princi- 
ples that have been worked out by years of experimentation. Each type of 
cheese has its specific production formula, often with a local touch. 

Some basic processing alternatives are described below. 


Curd production 


Milk treatment 


As was discussed above, the milk intended for most types of cheese is 
preferably pasteurised just before being piped into the cheese vat. Milk 
intended for Swiss Emmenthal cheese or Parmesan cheese is an exception 
to this rule. 

Milk intended for cheese is not normally homogenised unless it is recom- 
bined. The basic reason is that homogenisation causes a substantial in- 
crease in water-binding ability, making it very difficult to produce semi-hard 
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Avoid air pick-up during filling of 


the cheese vat or tanks. 
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Fig. 14.9 Conventional cheese vat with 
tools for cheese manufacture. 
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and hard types of cheese. However, in the special case of Blue and Feta 
cheese made from cow’s milk, the fat is homogenised in the form of 15 — 
20 % cream. This is done to make the product whiter and, more important, 
to make the milk fat more accessible to the lipolytic activity by which free 
fatty acids are formed; these are important ingredients in the flavour of 
those two types of cheese. 


Starter addition 


The starter is normally added to the milk at approx. 30°C, while the cheese 
vat (tank) is being filled. There are two reasons for early in-line dosage of 
starter, viz.: 

1 To achieve good and uniform distribution of the bacteria; 

2 To give the bacteria time to become “acclimatised” to the “new” 
medium. The time needed from inoculation to start of growth, also called 
the pre-ripening time, is about 30 to 60 minutes. 

The quantity of starter needed varies with the type of cheese. In all cheese- 

making, air pickup should be avoided when the milk is fed into the cheese- 

making vat because this would affect the quality of the coagulum and be 
likely to cause losses of casein in the whey. 


Additives and renneting 

If necessary, calcium chloride and saltpetre are added before the rennet. 
Anhydrous calcium chloride salt can be used in dosages of up to 20 g/100 
kg of milk. Saltpetre dosage must not exceed 30 g/100 kg of milk. In some 
countries dosages are limited or prohibited by law. 

The rennet dosage is up to 30 ml of liquid rennet of a strength of 
1:10 000 to 1:15 000 per 100 kg of milk. To facilitate distribution, the rennet 
may be diluted with at least double the amount of water. After rennet dos- 
age, the milk is stirred carefully for not more than 2 — 3 minutes. It is impor- 
tant that the milk comes to a stillstand within another 8 — 10 minutes to 
avoid disturbing the coagulation process and causing loss of casein in the 
whey. 

To further facilitate rennet distribution, automatic dosage systems are 
available for diluting the rennet with an adequate amount of water and 
sprinkling it over the surface of the milk through separate nozzles. Such 
systems are used primarily in large (10 000 — 20 000 |) enclosed cheese 
vats or tanks. 


Vat during stirring 

Vat during cutting 

Vat during whey drainage 

Vat during pressing 

Jacketed cheese vat with beam and 
drive motor for tools 

Stirring tool 

Cutting tool 

Strainer to be placed inside 

the vat at the outlet 

Whey pump on a trolley with 

a Shallow container 

Pre-pressing plates for 

round-eyed cheese 

production 

Support for tools " 
Hydraulic cylinders for \ 
pre-pressing equipment Y a 


Cheese knife 
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Cutting the coagulum 

The renneting or coagulation time is typically about 30 minutes. Before the 
coagulum is cut, a simple test is normally carried out to establish its whey- 
eliminating quality. Typically, a knife is stuck into the clotted milk surface and 
then drawn slowly upwards until proper breaking occurs. The curd may be 
considered ready for cutting as soon as a glass-like splitting flaw can be 
observed. 

Cutting gently breaks the curd up into grains with a size of 3- 15 mm 
depending on the type of cheese. The finer the cut, the lower the moisture 
content in the resulting cheese. 

The cutting tools can be designed in different ways. Figure 14.9 shows a 
conventional open cheese vat equipped with exchangeable pairs of tools 
for stirring and cutting. 


Fig. 14.10 Horizontal enclosed cheese 
tank with combined stirring and cutting 
tools and hoisted whey drainage system. 
Combined cutting and stirring tools 
Strainer for whey drainage 
Frequency-controlled motor drive 
Jacket for heating 

Manhole 

CIP nozzle 


oaan 


In a modern enclosed horizontal 
cheesemaking tank (figure 14.10), 
stirring and cutting are done with 
tools welded to a horizontal shaft 
powered by a drive unit with freqency converter. The dual-purpose tools cut 
or stir depending on the direction of rotation; the coagulum is cut by razor- 
sharp radial stainless steel knives with the heels rounded to give gentle and 
effective mixing of the curd. 

In addition, the cheese vat can be provided with an automatically opera- 
ted whey strainer, spray nozzles for proper distribution of coagulant (rennet) 
and spray nozzles to be connected to a cleaning-in-place (CIP) system. 


Pre-stirring 

Immediately after cutting, the curd grains are very sensitive to mechanical 
treatment, for which reason the stirring has to be gentle. It must however be 
fast enough to keep the grains suspended in the whey. Sedimentation of 
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Stirring mode 


Cutting mode \ 


Fig. 14.11 Cross-section of the com- 
bined cutting and stirring tool blade with 
sharp cutting edge and blunt stirring 
edge. 
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curd in the bottom of the vat causes formation of lumps. This puts strain on 
the stirring mechanism, which must be very strong. The curd of low fat 
cheese has a strong tendency to sink to the bottom of the vat, which 
means that the stirring must be more intense than for curd of high fat con- 
tent. 

Lumps may influence the texture of the cheese as well as causing loss of 
casein in whey. 


grains. 


The mechanical treatment of the curd and the continued pro- 
duction of lactic acid by bacteria help to expel whey from the 


4 Pre-drainage of whey 
4 For some types of cheese, such as Gouda and Edam, it is desira- 

ble to rid the grains of relatively large quantities of whey so that 
heat can be supplied by direct addition of hot water to the mixture of 
curd and whey, which also lowers the lactose content. Some producers 
also drain off whey to reduce the energy consumption needed for indirect 
heating of the curd. For each individual type of cheese it is important that 
the same amount of whey — normally 35%, sometimes as much as 50% of 
the batch volume - is drained off every time. 

In a conventional vat, whey drainage is simply arranged as shown in 
figure 14.9 C. 

Figure 14.10 shows the whey drainage system in an enclosed, fully 
mechanised cheese tank. A longitudinal slotted tubular strainer is suspen- 
ded from a stainless steel cable connected to an outside hoist drive. The 
strainer is connected to the whey suction pipe via a swivel union and then 
through the tank wall to the external suction connection. A level electrode 
attached to the strainer controls the hoist motor, keeping the strainer just 
below the liquid level throughout the whey drainage period. A signal to start 
is given automatically. A predetermined quantity of whey can be drawn off, 
which is controlled via a pulse indicator from the hoist motor. Safety swit- 
ches indicate the upper and lower positions of the strainer. 

The whey should always be drawn off at a high capacity, say within 5 - 6 
minutes, as stirring is normally stopped while drainage is in progress and 
lumps may be formed in the meantime. Drainage of whey therefore takes 
place at intervals, normally during the second part of the pre-stirring period 
and after heating. 


Heating/cooking/scalding 

Heat treatment is required during cheesemaking to regulate the size and 
acidification of the curd. The growth of acid-producing bacteria is limited by 
heat, which is thus used to regulate production of lactic acid. Apart from the 
bacteriological effect, the heat also promotes contraction of the curd ac- 
companied by expulsion of whey (syneresis). 

Depending on the type of cheese, heating can be done in the following 
ways: 

e By steam in the vat/tank jacket only. 

e By steam in the jacket in combination with addition of hot water to the 
curd/whey mixture. 

e By hot water addition to the curd/Awhey mixture only. 

The time and temperature programme for heating is determined by the 

method of heating and the type of cheese. Heating to temperatures above 

40°C, sometimes also called cooking, normally takes place in two stages. 

At 37 — 38°C the activity of the mesophilic lactic acid bacteria is retarded, 

and heating is interrupted to check the acidity, after which heating contin- 

ues to the desired final temperature. Above 44°C the mesophilic bacteria 

are totally deactivated, and they are killed if held at 52°C between 10 and 

20 minutes. 

Heating beyond 44°C is typically called scalding. Some types of cheese, 
such as Emmenthal, Gruyère, Parmesan and Grana, are scalded at tempe- 
ratures as high as 50 — 56°C. Only the most heat-resistant lactic-acid-pro- 
ducing bacteria survive this treatment. One that does so is Propionibacteri- 
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um Freudenreichii ssp. Shermanii, which is very important to the formation 
of the character of Emmenthal cheese. 


Final stirring 
The sensitivity of the curd grains decreases as heating and stirring proceed. 
More whey is exuded from the grains during the final stirring period, primari- 
ly due to the continuous development of lactic acid but also by the mechan- 
ical effect of stirring. 

The duration of final stirring depends on the desired acidity and moisture 
content in the cheese. 


Final removal of whey and 
principles of curd handling 


As soon as the required acidity and firmness of the curd have been attained 
— and checked by the producer — the residual whey is removed from the 
curd in various ways. 


Cheese with granular texture Fig. 14.12 Cheese with granular 


texture. 


One way is to withdraw whey direct from the cheese vat; this is used mainly 
with manually operated open cheese vats. After whey drainage the curd is 
scooped into moulds. The resulting cheese acquires a texture with irregular 
holes or eyes, also called a granular texture, figure 14.12. The holes are 
primarily formed by the carbon dioxide gas typically evolved by LD 
starter cultures (Sc. cremoris/lactis, L. cremoris and Sc. diacetylac- 
tis). If curd grains are exposed to air before being collected and 
pressed, they do not fuse completely; a large number of tiny air 
pockets remain in the interior of the cheese. The carbon dioxide 
formed and released during the ripening period fills and gradually 
enlarges these pockets. The holes formed in this way are irregular 
in shape. 

Whey can also be drained by pumping the curd/whey 3 
mixture across a vibrating or rotating strainer, figure 14.13, 
where the grains are separated from the whey and dis- it 
charged direct into moulds. The resulting cheese has a gran- 
ular texture. 


Fig. 14.13 Curd and whey are 


R ound-eyed cheese separated in a rotating strainer. 
Gas-producing bacteria, generally of the same types as mentioned above, 1 Curd/whey mixture 
are also used in production of round-eyed cheese, figure 14.14, but the 2 Drained curd 


3 Whey outlet 


procedure is somewhat different. 

According to older methods, e.g. for production of Emmenthal cheese, 
the curd was collected in cheese cloths while still in the whey and then 
transferred to a large mould on a combined drainage and pressing table. 
This avoided exposure of the curd to air prior to collection and pressing, 
which is an important factor in obtaining the correct texture in that type of 
cheese. 

Studies of the formation of round holes/eyes have shown that when curd 
grains are collected below the surface of the whey, the curd contains micro- 
scopic cavities. Starter bacteria accumulate in these tiny whey-filled cavi- 
ties. The gas formed when they start growing initially dissolves in the liquid, 
but as bacteria growth continues, local supersaturation occurs which re- 
sults in the formation of small holes. Later, after gas production has stopped 
due to lack of substrate, e.g. citric acid, diffusion becomes the most impor- 
tant process. This enlarges some of the holes which are already relatively 
large, while the smallest holes disappear. Enlargement of bigger holes at the 
expense of the smaller ones is a consequence of the laws of surface ten- Fig. 14.14 Cheese with round eyes. 
sion, which state that it takes less gas pressure to enlarge a large hole than 
a small one. The course of events is illustrated in figure 14.15. At the same 
time some CO, escapes from the cheese. 

In manually operated oblong or rectangular cheese vats, the curd can be 
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Formation of carbon dioxide (CO.) 
Saturation of the curd with CO, 


Diffusion of CO, 


Eye formation 
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Fig 14.15 Development of gas in 
cheese and eye formation. 

(By courtesy of dr. H. Burling, R&D dept. 
SMR, Lund, Sweden.) 


pushed together while still immersed in whey into a compartment temporar- 
ily constructed of loose perforated plates and loose stays. The curd is lev- 
elled and a perforated pressing plate is placed on the curd bed. Two beams 
on top of this plate distribute the pressure applied by the hydraulic or pneu- 
matic pressing unit. The system is illustrated in figure 14.9 D. During the 
pressing or rather pre-pressing period, which usually lasts some 20 — 30 
minutes, free whey is discharged until the level of the curd bed level is 
reached. The remaining free whey is released while the pressing utensils are 
removed and the curd is cut by hand into blocks to fit the moulds. 


Pre-pressing vats 

More often, however, pre-pressing takes place in separate vats to which a 
certain amount of whey has first been pumped. The remaining curd/whey 
mixture is then transferred to the vat by either gravity or a lobe rotor pump 
in such a way as to minimise exposure of the curd to air. 

Figure 14.16 shows a pre-pressing system used for fairly large batch 
volumes, about 1 000 kg of curd or more. 

The curd is supplied from the vat or tank by gravity or a lobe rotor pump 
and distributed by a manifold with special nozzles or by a special distribu- 
tion and levelling device. Where a manifold is used, the curd must be manu- 
ally levelled with rakes. 

The whey is separated from the curd grains by 
e awoven plastic belt, 

e astainless steel perforated plate under the lid, 
and 
e perforated plates at the end and sides of the vat. 


0 |] 


Fig. 14.16 Mechanically operated pre- 

pressing vat with unloading and cutting 

device. 

1 Pre-pressing vat (can also be used 
for complete pressing) 

2 Curd distributors, replaceable by CIP 
nozzles (2a) 

3 Unloading device, stationary or 
mobile 

4 Conveyor 
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The lid is operated by one or two pneumatic cylinders, which are calculated 
to apply a pressure of about 20 g/cm? of the block surface. When the vat is 
used for complete pressing the pressure on the surface should be at least 
10 times higher. The woven plastic bottom belt also acts as a conveyor on 
which the pre-pressed cheese block is transported towards the front end 
after the gate has been manually opened. Before the pre-press vat is emp- 
tied, a mobile unloading device with vertical knives and a guillotine for 
cross-cutting is placed in front of it. The spacing between the vertical knives 
is adjustable. (It is also possible to have a stationary unloading device ser- 
ving just one vat.) The unloading appliance is also equipped for pulling out 
the belt, which is wound on to a cylinder located in the bottom. 

The cut blocks can now be moulded manually or, more often, automati- 
cally conveyed to a mechanised moulding device. 


Continuous pre-pressing system 

A more advanced system is the continuous pre-pressing, block cutting and 
moulding machine, the Casomatic, shown in figure 14.17. The working 
principle is that the curd/whey mixture, normally in a ratio of 1:3.5 — 4, is 
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introduced at the top of the cylindrical, 
square or rectangular column, the 


bottom of which is closed by a mova- Fig. 14.17 Casomatic, an intermittently 
ble knife. The whey drains from the curd 2 operating continuous pre-pressing 
through perforated sections of the column and system, supplemented with mould filler. 


Curd/whey mixture inlet 

Column with sight glass (not shown) 
Perforated whey discharge 
Interceptor 


passes an interceptor before entering a whey 
collecting buffer tank from which it is pumped 
to a storage tank. The level of whey in the | | 
column is controlled by level electrodes; as - Whey balance tank 

soon as the lowermost electrode is the only Cutting and cheese discharge 
one wet, whey is pumped from the interceptor | | system 

into the column to prevent the curd being J Mould 

exposed to air. Pawl conveyor 

After a preset time, usually 20 — 30 minutes, Whey collecting chute 
the curd at the bottom of the column has been 
pressed to the required firmness by its own 
weight. The height of the cheese 
column is chosen so that a pressure 
of about 20 g/cm? prevails at a level 
about 10 cm above the movable 6 
bottom plate (knife), i.e. almost the 
same pressure as in a pre-pressing 
vat. The height of the curd column is 7 ~ 
about 2.2 m and the overall unit J 
height is up to 5.5 m. The knife is then 8 
withdrawn and the column of curd 5 
descends a preset distance. As soon 
as it stops the knife returns to its origi- 7 am 
nal position, cutting off the bottom D i hn hn 
piece as it does so. The piece is then 
removed from the machine and placed in a mould on a conveyor belt locat- 
ed underneath. The mould then proceeds to final pressing. 

A standard column can handle about 600 kg of curd per hour and make 
cheeses of 10 — 20 kg. Cheeses of 1 kg and more can also be obtained by 
adding a special cutting tool at the exit of the machine and matching multi- 
moulds to receive the cut pieces. 

Large capacities can be obtained by linking a number of pre-pressing 
columns together. 

The Casomatic is equipped with spray nozzles at strategic points which 
enable the machine to be thoroughly cleaned after connection to a clean- 
ing-in-place (CIP) system. 

A processing line with continous pre-pressing is shown in figure 14.36. 
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Closed texture cheese 


Closed texture types of cheese, of which Cheddar is a typical example, are 
normally made with starter cultures containing bacteria that do not evolve 
gas - typically single-strain lactic-acid-producing bacteria like Sc. cremonis 
and Sc. lactis. 

The specific processing technique may however result in formation of 
cavities called mechanical holes, as shown in figure 14.18. While the holes 
in granular and round-eyed cheeses have a characteristically shiny appear- Fig. 14.18 Closed texture cheese with 
ance, mechanical holes have rough inner surfaces. typical mechanical holes. 

When the titrated acidity of the whey has reached about 0.2 - 0.22% 
lactic acid (about 2 hours after renneting), the whey is drained off and the 
curd is subjected to a special form of treatment called cheddaring. 

After all whey has been discharged, the curd is left for continued acidifi- 
cation and matting. During this period, typically 2 — 2.5 hours, the curd is 
formed into blocks which are turned upside down and stacked. When the 
titrated acidity of the exuded whey has fallen to approx. 0.75 — 0.85% lactic 
acid, the blocks are milled into “chips”, which are dry-salted before being 
hooped (moulds for Cheddar cheese are called hoops). The cheddaring 
process is illustrated in figure 14.19. 
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Fig. 14.19 Process steps in making 

Cheddar-type cheese. 

1 Cheddaring 

2 Milling of chips 

3 Stirring the salted 1 
chips 

4 Putting the chips 
into hoops 


Fig.14.20 Continuous system for de- 
wheying, cheddaring, milling, and salting 
curd intended for Cheddar cheese. 
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Mechanised cheddaring machine 

A highly advanced mechanised cheddaring machine, the Alfomatic, is also 
available, and the principle is shown in figure 14.20. These machines have 
capacities ranging from 1 to 8 tonnes of cheese per hour. The most com- 
mon version of the machine is equipped with four conveyors, individually 
driven at preset and adjustable speeds and mounted above each other in a 
stainless steel frame. The curd/whey mixture is uniformly distributed on a 
special drainage screen where most of the whey is removed. The curd then 
falls on to the first conveyor, which is perforated and has stirrers for further 
whey drainage. Guide rails control the width of the curd mat on each con- 
veyor. 

The second conveyor allows the curd to begin matting and fusing. It is 
then transferred to a third conveyor where the mat is inverted and cheddar- 
ing takes place. 

At the end of the third conveyor the curd is milled to chips of uniform size 
which fall on to the fourth conveyor. In machines for stirred curd types (Col- 
by cheese) additional stirrers can be added on conveyors 2 and 3 to facili- 
tate constant agitation, preventing fusing of the curd granules. In this case 
the chip mill is also by-passed. 

The last conveyor is for salting. Initially dry salt is delivered to the curd, 
which is then stirred for efficient mixing. The curd is then fed into an auger 
flight hopper from which it is drawn up to a Block Former or conveyed to a 
hooping unit. 

The first conveyor can also be equipped with a wash-water system for 
production of the aforementioned Colby cheese. 

A machine with two or three conveyors suffices for production of chees- 
es of the Pasta Filata family (Mozzarella, Kashkaval etc.), where cheddaring 
is a part of the processing technique but where the milled chips are not 
normally salted before cooking and stretching. 

A three-conveyor design is illustrated in figure 14.21, which shows that 
the curd is stirred only while on the first conveyor. 

The machine, regardless of the number of conveyors, is equipped with 
spray nozzles for connection to a CIP system to ensure thorough cleaning 
and sanitation. A cladding of detachable stainless steel panels further con- 
tributes to hygiene. 
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Fig. 14.21 Continuous cheddaring 
machine with three conveyors, Suitable 
for Mozzarella cheese. 

1 Whey screen 

2 Stirrer 

3 Conveyor 

4 Chip mill 


Final treatment of curd 


As previously mentioned, the curd can be treated in various ways after all 

the free whey has been removed. It can be: 

1 transferred direct to moulds (granular cheeses), 

2 pre-pressed into a block and cut into pieces of suitable size for placing in 
moulds (round-eyed cheeses), 
or 

3 sent to cheddaring, the last phase of which includes milling into chips 
which can be dry-salted and either hooped or, if intended for Pasta Filata 
types of cheese, transferred unsalted to a cooking-stretching machine. 


Pressing 


After having been moulded or hooped the curd is subjected to final press- 
ing, the purpose of which is fourfold: 

e to assist final whey expulsion, 

e to provide texture, 

e to shape the cheese, 

e to provide a rind on cheeses with long ripening periods. 

The rate of pressing and pressure applied are adapted to each particular 
type of cheese. Pressing should be gradual at first, because initial high 
pressure compresses the surface layer and can lock moisture into pockets 
in the body of the cheese. 

The pressure applied to the cheese should be calculated per unit area 
and not per cheese, as individual cheses may vary in size. Example: 300 g/ 
cm?. 

Manually operated vertical and horizontal presses are available for small- 
scale cheese production. Pneumatic or hydraulic pressing systems simplify 
regulation of the required pressure. Figure 14.22 shows a vertical press. A 
more sophisticated solution is to equip the pressing system with a timer, 
signalling the operator to change pressure according to a predetermined 
programme. 

Various systems are available for large-scale production. 


Fig. 14.22 Vertical pressing unit with 
pneumatically operated pressing plates. 


Trolley table pressing 

Trolley table pressing systems are frequently used in semi-mechanised 

cheese production plants. They comprise 

e a trolley table, 

e moulds to be loaded on the table, 

e a tunnel press with as many pressing cylinders as the number of moulds 
loaded on the table. 


Autofeed tunnel press 

Autofeed tunnel presses are recommended for cases where highly mecha- 
nised systems for pressing of cheese are required. Arriving on a conveyor 
system, the filled moulds are automatically fed into an Autofeed tunnel press 
in rows of 3 to 5 by a pneumatic pushing device. The rows of moulds in the 
press are transported by push bars and slide across a stainless steel floor. 
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When the press has been filled, all 
air cylinders (one per mould) are con- 
nected to a common air supply line. 

The pressure and intervals between 
increases of pressure, as well as the 
total pressing time, are automatically 
controlled from a separate panel. An 
Autofeed tunnel press system is de- 
signed for simultaneous loading and 
unloading, which allows optimum 
Fig. 14.23 Conveyor press. utilisation of the press. 


Conveyor press 

A Conveyor press, figure 14.23, is recommended in cases where the time 
between pre-pressing and final pressing needs to be minimised. Both Con- 
veyor and Autofeed presses are normally equipped with CIP systems. 


The Block Former system 

7 A critical problem for Cheddar cheese producers has 
long been that of producing well-formed uniform 
blocks. The Block Former, utilising a basically simple 
system of vacuum treatment and gravity feed, solves 
this problem. The milled and salted chips are drawn 
by vacuum to the top of a tower, as illustrated in figure 
14.24. The tower is filled, and the curd begins to fuse 
into a continous columnar mass. Vacuum is applied to 
the column throughout the program to deliver a uni- 
form product, free from whey and air, at the base of 
the machine. Regular blocks of identical size, typically 
weighing about 18 — 20 kg, are automatically guillo- 
tined, ejected, and bagged ready for conveying to the 
vacuum sealing unit which is integral with the produc- 
tion line. No subsequent pressing is needed. 

A tower is designed with a nominal capacity of 
680 kg/h of curd which takes about 30 minutes to 
pass through the tower; one block is produced every 
1.5 minutes. The height of the curd column itself is 
about 5 metres, and the overall height required for a 
tower is some 8 metres. High capacities can be 
achieved by linking towers together. 

CIP manifolds at the tops of the towers assure 
good cleaning and sanitising results. 


Cooking and stretching of Pasta Filata types 


Fig. 14.24 Block former system for of ch eese 

Cheddar-type cheese.Principle and Pasta Filata (plastic curd) cheese is characterised by an “elastic” string curd 

exterior (right). obtained by cooking and stretching cheddared curd. The “spun curd” 

7 Column cheeses — Provolone, Mozzarella, and Caciocavallo — originate from south- 

2 Curd feed ern Italy. Nowadays Pasta Filata cheese is produced not only in Italy but 

3 Cyclone also in several other countries. The Kashkaval cheese produced in several 

4 Level sensor mets : 

5 Vacuumunt East European countries is also a type of Pasta Filata cheese. 

6 Combined bottom plate and After cheddaring and milling, at an acidity of approx. 0.7 —- 0.8% lactic 
guillotine acid in the whey (31 - 35.5°SH), the chips are conveyed or shovelled into a 

7 Elevator platform steel mixing bowl or container or into a sanitary dough-mixing machine filled 

8 Ejector with hot water at 82 - 85°C, and the pieces are worked until they are 

9 Barrier bag smooth, elastic, and free from lumps. The mixing water is normally saved 

10 Conveyor to vacuum sealing and separated with the whey to conserve fat. 

11 Whey drainage Stretching and mixing must be thorough. “Marbling” in the finished prod- 


uct may be asociated with incomplete mixing, too low a water temperature, 
low-acidity curd, or a combination of these defects. 
Continuous cooking and stretching machines are used in large-scale 
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production. Figure 14.25 shows a Cooker-Stretcher. The speed 
of the counterrotating augers is variable so that an optimal 
working mode can be achieved. The temperature and level of 
cooking water are continuously controlled. The cheddared 

curd is continuously transferred into the hopper or cyclone of 
the machine, depending on the method of feeding — screw 
conveyor or blowing. 

In production of Kashkaval cheese the cooker may contain 
brine with 5 -6% salt instead of water. Warm brine, however, is 
very corrosive, so the container, augers and all other equipment 
coming in contact with the brine must be made of special ma- 
terial to be long-lasting. 


Moulding 

As Pasta Filata cheese often occurs in various shapes — ball, 
pear, sausage, etc. — it is difficult to describe the process of 
moulding. However, automatic moulding machines are available 
for square or rectangular types, normally pizza cheese. Such a 
moulder typically comprises counterrotating augers and a revolv- 
ing mould-filling system, as illustrated in figure 14.26. 

The plastic curd enters the moulds at a temperature of 65 — 70°C. To 
stabilise the shape of the cheese and facilitate emptying the moulds, the 
moulded cheese must be cooled. To shorten the cooling/hardening period, 
a hardening tunnel must be incorporated in a complete Pasta Filata line. 

A production line for Mozzarella types of cheese is illustrated in figure 
14.38. 


Salting 


In cheese, as in a great many foods, salt normally functions as a condiment. 
But salt has other important effects, such as retarding starter activity and 
bacterial processes associated with cheese ripening. Application of salt to 
the curd causes more moisture to be expelled, both through an osmotic 
effect and a salting effect on the proteins. The osmotic pressure can be 
likened to the creation of suction on the surface of the curd, causing mois- 
ture to be drawn out. 

With few exceptions, the salt content of cheese is 0.5 — 2%. Blue cheese 
and white pickled cheese variants (Feta, Domiati, etc.), however, normally 
have a salt content of 3 - 7%. 

The exchange of calcium for sodium in paracaseinate that results from 
salting also has a favourable influence on the consistency of the cheese, 
which becomes smoother. In general, the curd is exposed to salt at a pH of 
5.3 — 5.6 i.e. approx. 5 — 6 hours after the addition of a vital starter, provid- 
ed the milk does not contain bacteria-inhibiting substances. 


Salting modes 


Dry salting 

Dry salting can be done either manually or mechanically. Salt is applied 
manually from a bucket or similar container containing an adequate 
(weighed) quantity that is spread as evenly as possible over the curd after alll 
whey has been discharged. For complete distribution, the curd may be 
stirred for 5 — 10 minutes. 

There are various ways to distribute salt over the curd mechanically. One 
is the same as is used for dosage of salt on cheddar chips during the final 
stage of passage through a continous cheddaring machine. 

Another is a partial salting system used in production of Pasta Filata 
cheese (Mozzarella), illustrated in figure 14.27. The dry salter is installed 
between the cooker-stretcher and moulder. With this arrangement the nor- 
mal brining time of 8 hours can be reduced to some 2 hours and less area 
is needed for brining. 
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Fig. 14.25 Continuous operating 


Cooker-Stretcher for Pasta Filata types 
of cheese. 
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Feed hopper 

Container for temperature- 
controlled hot water 

Two counterrotating augers 
Screw conveyor 


Fig. 14.26 Moulding machine for pizza 
cheese 
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Fig. 14.27 Dry salter for Pasta Filata. 
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Salt container 


2 Level control for cheese mat 
3 Grooving tool 


Fig. 14.29 Surface brining system. 
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Inlet conveyor with sliding plate 
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Inlet door with regulating screen 
and guiding door 

Surface brining department 
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Brine salting 
Brine salting systems of various designs are available, from fairly simple 
ones to technically very advanced ones. Still, the most commonly used 
system is to place the cheese in a container with brine. The containers 
should be placed in a cool room at about 12 - 14°C. Figure 14.28 shows a 
practical manually operated system. 

A variety of systems based on shallow brining or containers for racks are 
available for large-scale production of brine-salted cheese. 


Shallow or surface brining 

In a shallow brining system, the cheese is floated into compartments where 
brining in one layer takes place. To keep the surface wet, the cheese is 
dipped below the surface at intervals by a roller on the rim of each compart- 
ment. The dipping procedure can be programmed. Figure 14.29 shows the 
principle of a shallow brining system. 
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Fig. 14.28 Brine bath system with containers and brine circulation equipment. 
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Fig. 14.30 Deep brining system. The ca 


production. 


Deep brining 

The deep brining system with hoisted cages is based on the same principle. 
The cages are dimensioned to hold maybe one shifts production, and one 
cage occupies one compartment, which is 2.5 — 3 m deep. 

To achieve uniform brining time (first in, first out), the loaded cage is 
emptied when half the time has elapsed and the cheese is directed to an 
empty cage. Otherwise it would be a matter of first in, last out, with several 
hours’ difference in brining time between the first and last cheeses loaded. 
The deep brining system should therefore always be designed with an extra 
compartment provided with an empty cage. Figure 14.30 shows the cage in 
a deep brining system. 


Rack brining system 


Another deep brining 7; 8 

system is based on racks 4 

capable of holding the full — = 

output of cheese from ( y |  }— 7 
one vat. All operations — f | l 

filing the racks, placing (h 6 


10 Overhead travelling crane 


ge, 


10 x 1.1 m with 10 layers, holds one shift's 


-i 
them in the brine solution, RJJ BHI O SS Fig. 14.31 Rack brining system. 
hoisting the racks out of 000 6009 | f= |] 1 Feed conveyor 
the brine and guiding | OO) OCS 2 Mechanical loading station for 
them to an unloading BS9 f _ =a brining racks 
station —- can be com- 3 OOO [| [| 3 Brining racks 
pletely automated. The OOO | 4 Mechanical unloading station for 
principle of a rack brining 886 Sy [| : ee racks 
system is shown in figure eroro] MMOAUMNJCONVEYON 
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Table 14.2 
Density versus salt concentration of brine at 15°C. 


Density Common salt brine 

kg/l °Bé kg salt in % salt 
100! water in solution 

ol) 13.2 15.7 13.6 
LIZ 15.6 19.3 16.2 
1.14 17.8 23.1 18.8 
1.16 20.0 26.9 21.2 
Tell Zial 29.0 22.4 
1.18 22.1 31.1 23.7 


Some notes about the preparation of brine 
The difference in osmotic pressure between brine and cheese causes some 
moisture with its dissolved components, whey proteins, lactic acid and 
minerals to be expelled from the cheese in exchange for sodium chloride. In 
the preparation of brine it is important that this is taken into consideration. 
Besides dissolving salt to the desired concentration, the pH should be ad- 
justed to 5.2 — 5.3, e.g. with edible hydrochloric acid, which must be free 
from heavy metals and arsenic. Lactic acid can of course be used, as can 
other “harmless” acids. 

Calcium in the form of calcium chloride (CaCl,) should also be added to 
give a calcium content of 0.1 - 0.2%. Table 14.2 can serve as guide for 
preparation of brine. 


Salt penetration in cheese 

The following brief description, based on Report No. 22 from Statens 
Mejeriforsog, Hillerød, Denmark, gives an idea of what happens when 
cheese is salted: 

Cheese curd is criss-crossed by capillaries; approx. 10 000 capillaries 
per cm? have been found. There are several factors that can affect the per- 
meability of the capillaries and the ability of the salt solution to flow through 
them, but not all such factors are affected by changes in technique. This 
applies for example to the fat content. As the fat globules block the struc- 
ture, salt penetration will take longer time in a cheese of high fat content 
than in one of a low fat content. 

The pH at the time of salting has considerable influence on the rate of 
salt absorption. More salt can be absorbed at low pH than at higher pH. 
However, at low pH, <5.0, the consistency of the cheese is hard and brittle. 
At high pH, >5.6, the consistency becomes elastic. 

The importance of the pH of the cheese at the time of brining has been 
described by the research team at the Danish Hillerød Institution: 

Some parts of the calcium are more loosely bound to the casein, and at 
salting the loosely bound calcium is exchanged for sodium by ion ex- 
change. Depending on the quantity of loosely bound calcium, this deter- 
mines the consistency of the cheese. 

This loosely bound calcium is also sensitive to the presence of hydro- 
nium ions (H+). The more H* ions, the more calcium (Ca**) ions will leave the 
casein complex, and H* will take the place of calcium. At salting, H*is not 
exchanged for the Na* (sodium) of the salt. This means: 

1 At high pH (6.0 - 5.8) there is more calcium in the casein. Consequently 
more sodium will be bound to the casein complex, and the cheese will be 
softer; it may even lose its shape during ripening. 

2 At pH 5.2 - 5.4 - 5.6 there may be enough Ca** and Hrtions in the ca- 
sein complex to bind enough Na* to the casein. The resulting consistency 
will be good. 
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3 At low pH (< 5.2), too many H* ions may be included; as the Nat ions 
cannot be exchanged for the H+ ions, the consistency will be hard and 
brittle. 
Conclusion: it is important that cheese has a pH of about 5.4 before being 
brine salted. 
Temperature also influences the rate of salt absorption and thus the loss 
of moisture. The higher the temperature, the higher the rate of absorption. 
The higher the salt concentration of the brine, the more salt will be ab- 
sorbed. At low salt concentrations, <16 %, the casein swells and the sur- 
face will be smeary, slimy as result of the casein being redissolved. 
Salt concentrations of up to 18 — 23 % are often used at 10 - 14°C. 
The time of salting depends on: 
e the salt content typical of the type of cheese 
e the size of the cheese — the larger it is, the longer it takes 
e the salt content and temperature of the brine. 


Brine treatment 

In addition to readjusting the concentration of salt, the microbiological sta- 

tus of the brine must be kept under control, as various quality defects may 

arise. Certain salt-tolerant micro-organisms can decompose protein, giving 

a slimy surface; others can cause formation of pigments and discolour the 

surface. The risk of microbiological disturbances from the brine is greatest 

when weak brine solutions, <16%, are used. 

Pasteurisation is sometimes employed. 

e The brining system should then be so designed that pasteurised and 
unpasteurised brine are not mixed. 

e Brine is corrosive, So non-corroding heat exchanger materials such as 
titanium must be used; these materials, however, are expensive. 


Table 14.3 
Salt content in different types of cheese 


% salt 
Cottage cheese 0.25 - 1.0 
Emmenthal 0.4- 1.2 
Gouda 1.5-2.2 
Cheddar 1.75-1.95 
Limburger ZO = Bo 
Feta 3.5-7.0 
Gorgonzola 3.5 -5.5 
Other blue cheeses 3.5-7.0 


e Pasteurisation upsets the salt balance of the brine and cause 
precipitation of calcium phosphate; some of this will stick to the plates 
and some will settle to the bottom of the brining container as sludge. 

Addition of chemicals is also employed. Sodium hypochlorite, sodium or 

potassium sorbate, or delvocide (pimaricine) are some of the chemicals 

used with variable results. The use of chemicals must of course comply with 
current legislation. 
Other ways to reduce or stop microbiological activity are: 

e passing the brine through UV light, provided that the brine 
— has been filtered, and 
— will not be mixed with untreated brine after the treatment. 

e microfiltration, with the same reservations as above. 

Table 14.3 lists the salt percentages in some types of cheese. 
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Faulty fermentation can cause 
the cheese to burst. 
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Ripening and storage of cheese 
Ripening (curing) 


After curdling all cheese, apart from fresh cheese, goes through a whole 
series of processes of a microbiological, biochemical and physical nature. 
These changes affect both the lactose, the protein and the fat and consti- 
tute a ripening cycle which varies widely between hard, medium-soft and 
soft cheeses. Considerable differences occur even within these groups. 


Lactose decomposition 

The techniques which have been devised for making different kinds of 
cheese are always directed towards controlling and regulating the growth 
and activity of lactic acid bacteria. In this way it is possible to influence 
simultaneously both the degree and the speed of fermentation of lactose. It 
has been stated previously that in the cheddaring process, the lactose is 
already fermented before the curd is hooped. As far as the other kinds of 
cheese are concerned, lactose fermentation ought to be controlled in such 
a way that most of the decomposition takes place during the pressing of 
the cheese and, at latest, during the first week or possibly the first two 
weeks of storage. 

The lactic acid which is produced is neutralised to a great extent in the 
cheese by the buffering components of milk, most of which have been 
included in the coagulum. Lactic acid is thus present in the form of lactates 
in the completed cheese. At a later stage, the lactates provide a suitable 
substrate for the propionic acid bacteria which are an important part of the 
microbiological flora of Emmenthal, Gruyére and similar types of cheese. 
Besides propionic acid and acetic acid, considerable amounts of carbon 
dioxide are formed, which are the direct cause of the formation of the large 
round eyes in the above-mentioned types of cheese. 

The lactates can also be broken down by butyric acid bacteria, if the 
conditions are otherwise favourable for this fermentation, in which case 
hydrogen is evolved in addition to certain volatile fatty acids and carbon 
dioxide. This faulty fermentation arises at a late stage, and the hydrogen 
can actually cause the cheese to burst. 

The starter cultures normally used in the production of the majority of 
hard and medium-soft kinds of cheese not only cause the lactose to fer- 
ment, but also have the ability to attack the citric acid in the cheese simulta- 
neously, thus producing the carbon dioxide that contributes to formation of 
both round and granular eyes. 

Fermentation of lactose is caused by the lactase enzyme present in lactic 
acid bacteria. 


Protein decomposition 
The ripening of cheese, especially hard cheese, is characterised first and 
foremost by the decomposition of protein. The degree of protein decompo- 
sition affects the quality of the cheese to a very considerable extent, most of 
all its consistency and taste. The decomposition of protein is brought about 
by the enzyme systems of 
e rennet 
e micro-organisms 
e plasmin, an enzyme that is part of the fibrinolytical system. 
The only effect of rennet is to break down the paracasein molecule into 
polypeptides. This first attack by the rennet, however, makes possible a 
considerably quicker decomposition of the casein through the action of 
bacterial enzymes than would be the case if these enzymes had to attack 
the casein molecule directly. In cheese with high cooking temperatures, 
scalded cheeses like Emmenthal and Parmesan, plasmin activity plays a 
role in this first attack. 

In medium-soft cheeses like Tilsiter and Limburger, two ripening pro- 
cesses proceed parallel to each other, viz.the normal ripening process of 
hard rennet cheese and the ripening process in the smear which is formed 
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on the surface. In the latter process, 
protein decomposition proceeds fur- 
ther until finally ammonia is produced 
as a result of the strong proteolytic 
action of the smear bacteria. 


Storage 

The purpose of storage is to create the 
external conditions which are neces- 
sary to control the ripening cycle of the 
cheese as far as possible. For every 
type of cheese, a specific combination 
of temperature and relative humidity 
must be maintained in the different 
storage rooms during the various stag- 
es of ripening. 


Storage conditions 

Different types of cheese require diffe- 
rent temperatures and relative humidi- N 
ties (RH) in the storage rooms. AW INR 

The climatic conditions are of great Ņ SSS 
importance to the rate of ripening, loss 
of weight, rind formation and develop- 
ment of the surface flora (in Tilsiter, 
Romadur and others) - in other words 
to the total nature or characteristic of 
the cheese. 

Cheeses with rinds, most com- 
monly hard and semi-hard types, can 
be provided with a plastic emulsion or 
paraffin or wax coating. 

Rindless cheese is covered with 
plastic film or a shrinkable plastic bag. 
Covering the cheese has a dual 

purpose: 

1 to prevent excessive water loss, 

2 to protect the surface from infection and dirt. 

The four examples below will give some idea of the variety of storage condi- 
tions for different kinds of cheese. 

1 Cheeses of the Cheddar family are often ripened at low temperatures, 4 
— 8°C, and a RH lower than 80%, as they are normally wrapped in a plastic 
film or bag and packed in cartons or wooden cases before being transport- 
ed to the store. The ripening time may vary from a few months up to 8- 10 
months to satisfy the preferences of various consumers. 

2 Other types of cheese like Emmenthal may need to be stored in a 
“green” cheese room at 8 — 12°C for some 3 — 4 weeks followed by storage 
in a “fementing” room at 22 — 25°C for some 6 — 7 weeks. After that the 
cheese is stored for several months in a ripening store at 8 — 12°C. The 
relative humidity in all rooms is normally 85 — 90 %. 

3 Smear-treated types of cheese -— Tilsiter, Havarti and others — are typical- 
ly stored in a fermenting room for some 2 weeks at 14 — 16°C and a RH of 
about 90%, during which time the surface is smeared with a special cul- 
tured smear mixed with a salt solution. Once the desired layer of smear has 
developed, the cheese is normally transferred to the ripening room at a 
temperature of 10 —- 12°C and a RH of 90 % for a further 2 — 3 weeks. 
Eventually, after the smear is washed off and cheese is wrapped in alumini- 
um foil, it is transferred to a cold store, 6 - 10°C and about 70 - 75% RH, 
where it remains until distributed. 

4 Other hard and semi-hard types of cheese, Gouda and similar, may first 
be stored for a couple of weeks in a “green” cheese room at 10 — 12°C and 
a RH of some 75 %. After that a ripening period of about 3 — 4 weeks may 
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Fig. 14.32 Mechanised cheese 
storage. Humidified air is blown through 
the plastic nozzles at each layer of 
cheese. 
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Fig. 14.33 Cheese storage using pallets. 


The load per unit area must be 
taken into consideration if the 
pallet rack method is adopted, 
as the weight will far exceed the 
normal load allowed in old 
buildings. 
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follow at 12 - 18°C and 75 - 80% RH. Finally the 
cheese is transferred to a storage room at about 
10 - 12°C and a relative humidity of about 75%, 
where the final characteristics are developed. 

The values given for temperatures and relative 
humidities, RH, are approximate and vary for 
different sorts of cheese within the same group. 
The humidity figures are not relevant to film- 
wrapped or bagged ripened cheese. 


Methods of air conditioning 

A complete air conditioning system is normally 
required to maintain the necessary humidity and 
temperature conditions in a cheese ripening 
store, because humidity has to be removed from 
the cheese, which is difficult if the outside air has 
a high humidity. The incoming air must be dehu- 
midified by refrigeration, which is followed by 
controlled rehumidification and heating to the 
required conditions. 

It may also be difficult to distribute air humidity 
equally to all parts of the storeroom. 

Distribution ducts for the air may be of some 
help, but they are difficult to keep free from mould 
contamination. The ducts must therefore be de- 
signed to allow cleaning and disinfection. 


Storage layout and space requirements 

The layout depends on the type of cheese. Installing permanent cheese 
racks in the store has been the conventional solution for both hard and 
semi-hard cheeses. The capacity of a store for cheeses weighing about 8 — 
10 kg with ten racks above each other is approximately 300 — 350 kg/m?. 
Gangways between the racks are 0.6 m wide and the main corridor in the 
middle of the store is usually 1.50 — 1.80 m wide. Mounting the racks on 
wheels or hanging them from overhead rails eliminates the need for gang- 
ways between racks. They can be put close to each other and need only be 
moved when the cheese are handled. This system increases the capacity of 
the store by 30 — 40%, but the cost of the store and building remains at the 
same level because of the higher cost of this type of rack. 

Pallet racks or containers are a widely used system. Pallets or pallet 
containers can also be put on special wheeled pallets running on rails. This 
method also permits compact storage. Figure 14.32 shows a mechanised 
cheese store. Located on a wooden shelf holding 5 cheeses, the shelf is 
conveyed into the green cheese storage and then into a specially designed 
elevator — not shown on the picture — which lowers or lifts the shelf to a 
preset level and pushes it into the storage. Figure 14.33 shows a ripening 
store based on pallets. 

Cheese ripened in film is packed in cardboard boxes and piled on 
pallets for the later part of the storage period. This means that the cheese 
can be stored compactly. The pallets cannot be stacked on top of each 
other, but pallet racks can be used. The load per unit area must however be 
taken into consideration if this method is adopted, as the weight will far 
exceed the normal load allowed in old buildings. 

The container system increases the storage capacity considerably as 
compared with permanent racks. 

However, there are companies which specialise in storage systems of 
various degrees of sophistication; anything from traditional racks up to and 
including computerised systems. They can also advise about optimum air 
conditioning for the various systems. 
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Processing lines for hard 
and semi-hard cheese 


The following part of this chapter will only describe some examples of 
processing lines for some typical types of cheeses. 


Hard types of cheese 


Processing line for Emmenthal cheese 


Milk intended for Emmenthal cheese is normally not pasteurised, but the fat 
content is standardised. At periods when high loads of bacteria spores 
occur, the milk may also be treated in a Bactofugation or Microfiltration 
plant for mechanical reduction of spores, before which it should be heated 
to 50 -= 68°C. 

After pre-treatment, including addition of necessary ingredients, curd 
production can start. A preliminary flowchart for production of rindless Em- 
menthal cheese is illustrated in figure 14.34. 

Once the curd is satisfactorily acidified and firm enough, part of the whey 
is drained from the cheese vat and routed into the press vat (2). When an 
adequate amount of whey has been transferred, the curd/whey mixture is 
pumped into the press vat via three distributors. Following the curd/whey 
transfer and manual levelling of the curd (combined mechanical distribution 
and levelling systems are also avaible), the press lid is lowered. Surplus 
whey is simultaneously drained off. 

Application of programmed pressures for preset times continues for 10 - 
20 hours, depending on lactic acid development. 

After pressing the cheese bed is cut into blocks of suitable size by being 
conveyed through the unloading device, which is provided with vertical 
knives for lengthwise cutting and a guillotine for crosswise cutting. 


Fig. 14.34 Flowchart for mechanised production of rindless Emmenthal cheese. 


1 Cheese vat 6 Wrapping in film and cartoning mm jk 

2 Press vat for total pressing of the curd 7 Palletised cheeses in green cheese store == Curd/cheese 
3 Unloading and cutting device 8 Turning the cheese 

4 Conveyor 9 Fermenting store 

5 Brining 10 Ripening store 


Cutting the curd bed into blocks exposes new surfaces without “skin”. 
Sometimes these are sealed before brining in order to achieve uniform pen- 
etration of the brine. This is done by pressing with a hot Teflon-clad iron. 

As Emmenthal cheeses are normally large, 30 kg up to more than 50kg, 
the brining period will vary and may last for up to 7 days. 

Following brining, rindless cheese is typically wrapped in film and packed 
in cartons or big containers before being transferred to the storerooms. 
Turning the cheese during storage is recommended to obtain a better 
shape and more uniform eye formation. Palletised turning can be done with 
specially designed lifting trucks. 
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Processing line for Cheddar cheese 


Cheddar cheese and similar types are the most widely produced in the 
world. 

Cheddar cheese generally has a moisture on fat-free basis (MFFB) of 
55%, which means it can be classified as hard cheese although it is on the 
verge of semi-hard types. The principle of a highly mechanised production 
line is shown in figure 14.35. 

The curd is normally manufactured from fat-standardised and pasteur- 
ised milk. At an acidity of about 0.2 % lactic acid (l.a.), after some 2 to 2.5 
hours’ production, the curd-whey mixture is pumped from the cheese vat 
into the continuous cheddaring machine (2). Pre-drawing of whey is not 
normally practised. 

To maintain a continuous feed, a calculated number of cheese vats is 
scheduled for emptying in sequence at regular intervals, say every 20 min- 
utes. 

After a cheddaring period of about 2.5 hours including milling and dry 
salting of the chips at an acidity of approx. 0.6% l.a., the chips are blown to 
a block forming machine (3). An adequate number of block formers must be 
available to maintain continuity. 

The exit of each block former is manually provided with a plastic bag into 
which the cut-out block is pushed. The bagged block is then conveyed to a 
vacuum sealing machine (4). Following sealing the cheese is weighed (5) en 


mmm jk 
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Fig. 14.35 Flowchart for mechanised production of Cheddar cheese. 


1 Cheese vat 5 Weighing 
2  Cheddaring machine 6 Carton packer 
3 Block former and bagger 7 Paliletiser 
4 Vacuum sealing 8 Ripening store 


route to a machine (6) where it is covered by a carton, which is then con- 
veyed to a palletiser (7). The filled pallet is finally trucked into the ripening 
store, where the cheese is held from 4 to 12 months at a temperature of 4 — 
8°C. 


Semi-hard types of cheese 


Processing line for Gouda cheese 


Gouda is probably the best-known representative of typical round-eyed 
cheeses. A Gouda processing line is illustrated in figure 14.36. 

Fat-standardised pasteurised milk is transformed into curd and whey in 
the usual manner in about 2 hours. Normally, part or sometimes all of the 
heating is done by direct addition of hot (50 — 60°C) water in an amount 
equal to 10 — 20% of the original volume of milk. To make this possible, 
some 20 — 30% of whey must first be drained off. 

After completion of curd production and further drainage of whey to a 
curd/whey ratio of 1:3.5 — 4.0, the contents of the cheese vat are emptied 
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into a buffer tank (2) provided with an agitator for proper distribution of the 
curd in the whey. The tank is also jacketed to enable the curd to be chilled 
to 1 — 2°C with cold or ice water, which may be necessary during certain 
periods for reduction of the activity of the culture. 

The whey/curd mixture is pumped from the filled buffer tank into one or 
more pre-pressing columns (3). At the very start of pre-pressing, however, 
the column is first filled with whey, normally the “second” whey from the 
very first cheese vat to be emptied, so that the subsequent curd will not be 
exposed to air when it enters the column. 

For continuous operation a suitable number of cheese vats is operated in 
sequence and emptied at regular intervals of about 20 — 30 minutes. 

Following pre-pressing, a guillotine system at the bottom of each column 
cuts out a block of predetermined size, after which the block is pushed out 
of the machine. Normally the blocks are fed by gravity into clean moulds 
conveyed from the washing machine and stationed underneath the col- 
umns. A fully mechanised system also comprises: 

e mechanical lidding (4) of the moulds 

e transfer of moulds to conveyor or tunnel presses with pre-programmed 
pressures and pressing times (5) 

e filling and emptying of the presses 

e transport of moulds via a de-lidding station (6), a mould turning device 

(7), a mould emptying system (8) and a weighing scale (9) to an 

advanced brining system (10). 

The moulds and lids are separately conveyed to a combined mould and lid 
washing machine (12) before being re-used. 

After brining the cheese is stored in a green cheese store for about 10 
days at 10 - 12°C, after which storage continues in a ripening store at 12 - 
15°C for some 2 - 12 months. 
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Fig. 14.36 Flowchart for mechanised production for Gouda cheese. 


1 Cheese vat 8 Mould emptying 

2 Buffer tank 9 Weighing 

3  Casomatic pre-pressing machine 10 Brining 

4  Lidding 11 Ripening store 

5 Conveyor press 12 Mould and lid washing 
6 De-lidding 13 Mould turning 

7 Mould turning 


Processing line for Tilsiter cheese 


Tilsiter has been chosen as a representative of granular textured cheese. 
The principle of a mechanised production line is shown in figure 14.37. 

Milk pretreatment and curd production are similar to those of Gouda 
cheese. The first basic difference is that when the pre-pressing columns are 
filled, the curd and whey are separated just before the curd enters the col- 
umn. This is done in a rotating strainer (4) located on top of the column. 
Otherwise the production scheme is much the same as for Gouda cheese. 

After brining, however, Tilsiter cheese undergoes special treatment in- 
volving smearing of the surface with a bacteria culture in a 5% salt solution 
to give it its specific flavor. Tilsiter cheese is therefore first stored in a fer- 
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Fig. 14.37 Flowchart for mechanised production of Tilsiter cheese. 


1 Cheese vat 9 Mould emptying 

2 Buffer tank 10 Weighing 

3  Casomatic pre-pressing machine 11 Brining 

4 Rotating strainer 12 Fermenting store with smearing machine 
5 Lidding 13 Ripening store 

6 Conveyor press 14 Mould and lid washing 

7 De-lidding 15 Mould turning 

8 Mould turning 
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“cheddaring”, including chip milling but not salting, 

cooking and stretching to obtain the elastic, stringy character, 
forming, hardening and brining, 

packaging, e.g. in plastic bags together with some brine, 

short storage before dispatch. 

Figure 14.38 illustrates the principle of a mechanised production line. 

Fat-standardised pasteurised milk is converted to curd in the usual way. 
After that, the curd and whey are pumped to a mechnical cheddaring ma- 
chine (2) of a somewhat simpler type than that used for Cheddar cheese 
production, where the curd is matted and milled into chips. The matting and 
milling process takes about 2 — 2.5 hours. 

After cheddaring the chips are transported by a screw conveyor (8) into 
the receiver of a cooker-stretcher (4). The plasticised curd is then continu- 
ously extruded to the moulding machine (6), en route to which it may be 
dry-salted (5) to shorten the brining time from normally about 8 hours to 
about 2 hours. 

The curd is worked into the (multi-)mould, which then is conveyed 
through a hardening tunnel where the cheese is cooled from 65 — 70°C to 
40 - 50°C by spraying chilled water over the moulds. At the end of the 
tunnel the moulds pass a de-moulding device (8). The cheese falls into the 
gently flowing, cold (8 — 10°C) brine bath and the empty moulds (11) are 
conveyed to a washing machine (12) from which they are returned to the 
filling machine. 

The cheese may be bagged and packed in cartons before being loaded 
on a pallet which is then trucked to a store. 


Semi-hard, semi-soft and soft types 
of cheese 


Sometimes it is difficult to classify a type of cheese as distinctly semi-hard 

or semi-soft, and as semi-soft or soft, as some types occur in intermediate 

forms. The Tilsiter types are typical representatives of the former intermedi- 
ate forms, as are also Blue or Blue-veined types of cheese, while Brie types 
may represent the latter. 

The following brief descriptions refer to methods of production of: 

e Blue (veined) cheese, representative of semi-hard and semi-soft types of 
cheese with inside mould formation by Penicillium roqueforti. 

e Camembert cheese, representative of semi-soft/soft types of cheese 
with outside surface mould formation by Pencillium camemberti and 
Penicillium candidum. 

e Cottage cheese and Quarg as representatives of soft fresh cheese. 


Semi-hard and semi-soft cheese 


Blue veined cheese 
The prototype of blue veined cheese is Roquefort, which originates from the 
community of Roquefort in the Aveyron Departement in France. 

Roquefort cheese is produced from sheep milk; if any other kind of milk 
is used in the production of a similar type of cheese, it must not be called 
Roquefort cheese. Blue veined cheese is the generic name for cheeses 
which develop an interior blue-green mould. 

To imitate the characteristic flavour of Roquefort cheese as closely as 
possible, cheese milk from cows should be partially homogenised, i.e. 
standardised by mixing skimmilk with homogenised cream of about 20% 
fat. The reason is that fat which has been exposed to homogenisation is 
more sensitive to the influence of the lipolytic enzymes emanating from the 
inoculated Penicillium roqueforti mould. 

After fat standardisation the milk is normally paseturised at about 70°C, 
cooled to 31 — 32°C and fed to the cheese vat. After addition of an ordinary 
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Cow milk 


Pre-heating 


Separation 


Skimmilk Cream 


Homogenisation 


of cream of 20% 


Pasteurisation 
~70-72°C/20 sec. 


Curd pede ten 


Cutting after 
~40-60 min 


Intermediately 
gentle stirring 


Total resting time 
~40 min 


Moulding 
self-pressing at 24°C and 
90-95% RH for 24 hours 


During pressing 
period turning 
4 times 


i 


Brining (-23% 
conc.) at -14°C 
for 2 days 


Ripening store 
~10°C, 90-95% 
RH. After 5 days 
piercing. 
Fragment turning 


l! 


Washing wrapping 
in alu. foil 


Storage at 5°C 
before dispatch 


Fig. 14.39 Principle of production of 
Blue cheese. 
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<= Starter culture 


4 Penicillium roqueforti 
suspension 


<A Rennet 


starter culture and a spore suspension of P roqueforti, the milk is thorough- 
ly and gently agitated to obtain good distribution of the micro-organisms 
before renneting. 

The principle of blue cheese production is shown in a block chart in 
figure 14.39. As this block chart is self-explanatory, only short comments 
are given here. 


Surplus cream to 
pasteurisation 


Fig. 14.40 Pinching machine for piercing blue cheese. 


Fig. 14.41 Cupped shelves and pivoted rods for storage of blue cheese. 


The cheese is pierced after about 5 days in the ripening store to facilitate 
admission of the oxygen needed for the growth of the mould. Piercing is 
done with a tool with needles about 2 mm in diameter and roughly equal in 
length to the height of the cheese. The number of needles depends on the 
diameter of the cylindrical cheese, which is often pierced alternately through 
the top and bottom to avoid the risk of its cracking. A piercing machine is 
shown in figure 14.40. 

During the ripening period of 5 to 8 weeks at 9 - 12°C and a RH of 
>90%, the cheese rests on edge, normally on cupped shelves or on pivoted 
rods as shown in figure 14.41. The latter system facilitates turning of the 
cheese, which is done frequently to maintain the cylindrical 
shape. 

After the pre-ripening period the cheese is passed through a washing 
machine to remove the smear that normally develops at the high RH in the 
store, and mould as well. After washing the cheese is usually wrapped in 
aluminium foil or plastic film before being transferred to storage at about 
5°C, from which it is dispatched to a retail store after a couple of days. 
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Semi-soft/soft cheese 


Camembert cheese 


Camembert may serve as the characteristic type of cheese covered by 
white mould from Penicillum camemberti and Penicillium candidum. Brie is 
another representative. 

The cheesemaking procedure is broadly the same as for Blue veined 
cheese. 

The cheeses are however small and flat. Self-pressing in the moulds 
proceeds for about 15 — 20 hours, during which time the cheeses should 
be turned about four times. The cheese is then brined for 1 — 1.5 hours in 
saturated brine (about 25% salt). 

After salting the cheeses are placed on stainless steel string racks, as 
shown in figure 14.42, or trays. The racks are stacked as much as 15 — 20 
high, and then trucked into a storeroom at 18°C and 75 — 80 % RH where E 
they are dried for two days. Then the cheese is trucked to ripening storage MMO | 
at 12 - 13°C and 90% RH. i 

The cheeses are frequently turned during the ripening period. When the Fig. 14.42 String racks for white mould 
white mould is sufficiently developed, normally after 10 to 12 days, the cheese. 
cheese is packed in aluminium foil and often put in a box before being 
transferred to a cold store where it is held at 2 —- 4°C pending distribution to 
retailers. 


Soft cheese 


Cottage cheese 
Cottage cheese is a creamed fresh curd, low in acidity as it is thoroughly 
washed during manufacture. 

The producer of Cottage cheese can choose between three ways to 
make a product of identical character, viz. 

e long-set method 

e medium-set method 

e short-set method 

The basic differences between these methods are summarised in table 
14.4. 

Irrespective of mode, after cutting the curd is left undisturbed for 15 to 
35 minutes. At cutting the cheesemaker normally makes another choice, 
viz. whether to produce small curd, medium sized curd or large curd Cot- 
tage cheese, which is a matter of the fineness of the grains obtained at 
cutting. 

Following the resting period and stirring, the curd is cooked — usually by 
indirect heating — for 1 — 3 hours until a temperature of 47 to 56°C is 
reached. 


Table 14.4 
Processing data for different modes of production of 


Cottage cheese 


Process stage Long-set Medium-set Short-set 
Time before cutting 14-16hours 8 hours 5 hours 
Temp. of milk set 22 eC 26,5°C 32°C 
Starter addition 0.5 % 3% 5% 
Rennet (strength 1:104) 2 pom 2 ppm 2 ppm 
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When the complete Cottage cheese production process takes place in 
the same vat, a certain volume of whey is drained off to make room for a 
corresponding volume of washing and cooling water. 

When the same vat is used for the complete production, the curd is 
normally washed with three batches of water at temperatures of 30, 16 and 
4°C respectively. Thorough washing dilutes the lactose and lactic acid, and 
further acid production and shrinkage are stopped by cooling the curd to 
about 4 — 5°C. The total time for washing, including intermediate whey- 
water drainage periods, is about 3 hours. 

After all the water has been drained off, pasteurised (80 - 90°C) cream at 
4°C containing a small amount of salt, known as dressing, is added and 
thoroughly worked in. “Ordinary” Cottage cheese contains approximately 
79% moisture, 16% milk-solids-non-fat (MSNF), 4% fat and 1% salt. 

Finally the Cottage cheese is packed in containers and stored at 4 — 5°C 
before being distributed to retail shops. 

The description shows that Cottage cheese can be produced in a single 
vat. Special washing and creaming systems have however been developed 
to rationalise production, especially the washing of the curd and the dress- 
ing. The principle of a rationally functioning Cottage cheese production line 
is illustrated in figure 14.48. 


J 
Fig. 14.43 Flowchart for mechanised production of Cottage cheese. 

meee CU 1 Cheese vat 5 Water drainer 

Skimmilk 2 Whey strainer 6 Creamer 
A Siarter 3 Cooling and washing tank 7 Dressing tank 

Whey 4 Plate heat exchanger 8 Filling machine 
= Wash water 
= Dressing 


From the enclosed curd producing vat (1), which serves among other 
things to protect the milk from airborne infection during the long (16 - 20 
hours) or relatively short (6 hours) coagulation period, the whey-curd mixture 
is pumped via a static whey strainer (2) to a cooling/washing (CW) tank (3). 

While the whey is passed to a collection tank, the curd falls into the CW 
tank with a certain level of fresh water. Even before all the curd from the 
cheese vat has been transferred to the CW tank, fresh water is pumped in 
through the bottom inlet. At a certain level in the tank there is an outlet for 
the surplus liquid, which passes an inner, perforated part so that the curd is 
retained. After some minutes, when the surplus liquid is more or less free 
from whey, the inflow of water is stopped and the water is circulated 
through a plate heat exchanger (4), where the temperature is gradually 
lowered to 3 — 4°C. The whole cooling and washing procedure takes about 
30 — 60 minutes, filling and emptying of the CW tank not included. 

After washing and cooling the curd is pumped via a drainer (5) to a 
creamer (6) designed for mixing the curd and cream dressing. Finally the 
creamed Cottage cheese is packed in containers. 
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Quarg 
Quarg is defined as “a sour skimmilk curd cheese usually consumed unrip- 
ened”. 

Quarg is often mixed with cream, and sometimes also with fruit and 
seasonings. The standard of the product varies in different countries and 
the dry matter in non-fat Quarg may vary between 14 and 24%. 

When the Quarg separator was first introduced, the milk was pasteurised 
at approx. 73°C before fermentation and separation. This is called the tradi- 
tional method. 

Nowadays it is more common to use high-temperature long-time pas- 
teurisation of the skimmilk, 85 — 95°C for 5 — 15 minutes, and further heat 
treatment of the acidified milk before separation. The latter method is called 
thermisation, and temperatures between 56 and 60°C for up to 3 minutes 
are recommended. This, together with high-temperature pasteurisation of 
the skimmilk, contributes to better yield. 

A Quarg production line is illustrated in figure 14.44. 

After pasteurisation and cooling to 25 — 28°C, the milk is routed into a 
tank (1) to which a bacteria culture, typically containing Streptococcus lac- 
tis/cremoris bacteria, is also added, often together with a small amount of 
rennet, normally one-tenth of what is used in ordinary cheese production or 
about 2 ml liquid rennet per 100 kg milk. This is done to obtain a firmer 
coagulum. 


Fig. 14.44 Flowchart for mechanised production of Quarg 


1 Ripening tank 6 Intermediate tank es Curd 
2 Plate heat exchanger for thermisation 7 Cream tank Skimmilk 
3 Filter system 8 Dynamic mixer num Culture 
4 Quarg separator 9 Filling machine m Cooling medium 
5 Plate heat exchanger mmm Heating medium 
Whey 
=e Cean 


A coagulum forms after about 16 hours at pH 4.5 — 4.7. After the coagu- 
lum has been stirred, Quarg production starts with thermisation (2) and 
cooling to 37°C. The next step is centrifugal separation (4). The Quarg 
leaves the machine through nozzles at the periphery of the bowl and is 
discharged into a cyclone from which it is forwarded by a positive displace- 
ment pump via a plate cooler (5) into a buffer tank (6). The whey is collected 
from the separator outlet. 

The final cooling temperature depends on the total solids content, and in 
fact on the protein content. At a dry matter content of 16 - 19%, the reach- 
able temperature is 8 — 10°C. When the DM is 19 — 20%, the Quarg should 
only be cooled to 11 - 12°C. 

Tubular coolers are also used, but they are uneconomical for small pro- 
duction volumes because the losses of product expressed as a percentage 
of the feed are high, owing to the large hold-up volume of the tubular cooler. 

The cooled product is normally collected in a buffer tank before being 
packed. 

If the Quarg is creamed, an adequate volume of sweet or cultured cream 
is added to the flow and subsequently mixed in a dynamic mixing unit (8) 
before the product goes to the packaging machine (9). 

Sometimes there is a demand for a long-life Quarg product. The process 
includes heat treatment of the product to inactivate all micro-organisms. 
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Suitable stabilisers must be added in the buffer tank and thoroughly distrib- 
uted by agitation. They are needed to stabilise the protein system prior to 
the final heating, which is performed in a plate, tubular or scraped surface 
heat exchanger. 

The Quarg processing line outlined here can also handle production of 
strained yoghurt or Labneh, as well as being a part of a cream cheese 
processing line. 


Ultrafiltration (UF) in 
cheese manufacture 


Ultrafiltration is used in three ways in cheesemaking : 

e Preconcentration to low concentration, using a concentration factor (CF) 
of 1.5 — 2.0 to standardise the protein to fat relation, is followed by 
conventional cheesemaking in traditional equipment. 

e Moderate concentration (CF = 3 - 5) and subsequent cheesemaking in a 
modified cheese process including some whey drainage. The equipment 
differs considerably from traditional equipment. 

e Concentration to the final DM content of the cheese, at which the milk is 
first treated by UF (CF = 6 — 8) to obtain a DM content of about 35%, 
followed by vacuum treatment to reach the typical DM content of the 
cheese in question. 

The first two methods can be used for the manufacture of several types of 

cheese, while the third makes it possible to manufacture completely new 

types of cheese. 

With the concentration factor (CF) of 3 — 5, the increase of the firmness 
of the curd results in demands on reinforcement or even a special design of 
the cutting and stirring tools. Traditional cutting tools are capable of han- 
dling curd with a protein content of up to approximately 7%, which limits the 
CF to about 2. 

New types of curdmaking machines have been developed to meet the 
demands made by CFs of 3 - 5, one of which is illustrated in figure 14.45. 

The curdmaking machine consists of dosing pumps (1), a valve unit (3), 
static mixers (2), a set of coagulation pipes (4) and a cutting unit (5). 

From the dosing pumps the mixture of retentate, rennet and starter is 
distributed to the coagulation pipes. A standard machine of this type has 
four spiral-wound coagulation pipes which are protected by a layer of insu- 
lation and a stainless steel wall. The insulation is needed to maintain the 
correct renneting temperature. 

The retentate, rennet and starter are metered into the plant by the 
pumps and mixed thoroughly before entering pipe 1. While the mixture is 
left for coagulation, pipe 2 is filled and subsequently pipes 3 and 4. The 
content of pipe 1 is coagulated and ready for discharge when pipe 4 is 


a Curd 
mums Retentate 
es CEC 
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filled. The proper coagulation time in the pipes is controlled by the speed of 
the dosing pump. 

The coagulation pipes end in the cutting unit, which consists of sets of 
stationary knives and a rotating knife, figure 14.46. The curd “sausage” is 
pressed through the stationary knives to form cheese strips. In the following 
stage the curd strips are cut by the rotating knife to form cubes, which are 
forwarded to the subsequent equipment. They are then subjected to the 
treatment necessary for the type of cheese which is being manufactured. 


Cheesemaking using UF and 
curdmaking machine 


Both round-eyed, granular and close-textured cheeses can be manufac- 
tured by using UF in combination with a curdmaking machine of the type 
described. The downstream equipment after the curdmaking machine is 
specific to each type of cheese. A production line for Tilsiter-type cheese is 
outlined in figure 14.47. 

The pretreatment of the milk is the same as in traditional production, for 
example pasteurisation at 72°C for 15 seconds. For some types of cheese 
the milk is acidified to pH 6.0 - 6.3. The milk is concentrated to CF = 3-5 
in the UF unit, i.e. to a total solids content of 25 - 40%. Lactose can be 
washed away with water during UF. In this way the lactose content of the 
curd can be regulated and the pH controlled. This is necessary in cheese 
where the pH should not drop below 5.1. 


Fig. 14.47 Flowchart for production of Tilsiter cheese utilising ultrafiltration and a 
curdmaking machine. 


Fig. 14.46 Cutting unit on a curdmak- 

ing machine. 

1 Ends of pipes with stationary 
horizontal and vertical knives 

2 Rotating knife 

3 Frame 


1 Milk tank 4 After-treatment of 7 Static mixers 11 Whey drainage and turning 

2 Pre-treatment, incl. retentate incl. pasteurisation 8 Curdmaking machine 12 Mould emptying 
thermisation 5 Mixing tank 9 Curd cutting unit 13 Brining 

3 Ultrafiltration module 6 Dosing pump 10 Mould filling 14 Ripening store 
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The permeate contains only lactose, some minerals and non-protein 
components. 

The retentate is cooled to renneting temperature, 20 — 38°C depending 
on the type of cheese. The retentate passes through the curdmaking ma- 
chine (8). It is discharged in the form of cheese cubes (9) into a moulding 
system (10). During the gravity pressing period the cheese is turned several 
times. Eventually the cheese may be mechanically pressed for a short time 
— 10 to 15 minutes — before being de-moulded. 

Normally the cheese is brine salted to aquire a salt content of 1.6 - 
1.8%, which for a 4 kg cheese submerged in a 20 - 23% salt bath at 10 - 
12°C will take approximately 30 hours. 

When salted the cheese is transferred to storage at 16°C and a relative 
humidity of 90%. Surface treatment, and further treatment as well, are simi- 
lar to that previously described for traditionally produced Tilsiter cheese. 


New trends 

Concentration of cheese milk in a UF plant designed for a CF of 6 — 8, fol- 
lowed by further concentration by vacuum treatment of the retentate (con- 
centrate) to the same DM content as that of the cheese, offers new oppor- 
tunities to rationalise production. Such methods also strongly limit losses of 
fat and proteins. 


Processed cheese 


Processed cheese is made by further processing of finished cheese, usually 

a blend of hard rennet varieties with different aromas and degrees of maturi- 

ty. There are two types of this cheese: 

e Cheese blocks with a firm consistency, high acidity and relatively low 
moisture content. 

e Cheese spreads with a soft consistency, low acidity and high moisture 
content. 

Various flavourings can be added. Varieties with a smoked flavour can also 

be included under this heading. 

Processed cheese usually contains 30 or 45% fat, counted on total 
solids, though leaner and fatter varieties are also made. The composition in 
other respects depends entirely on the moisture content and the raw mate- 
rials used in the manufacture. 

Cheese for processing is of the same quality as cheese for direct con- 
sumption. Cheese with defects regarding surface, colour, texture, size and 
shape, as well as cheese with a limited shelf life, can also be used for 
processing, as can fermented cheese where the fermentation has been 
caused for example by coliform bacteria, provided that it is free from off- 
flavours. Butyric-acid fermented cheese can cause problems, as the bacte- 
ria may cause fermentation in the processed cheese. 

High-quality processed cheese can only be produced from high-quality 
raw materials. 


Fig. 14.48 Cooker for processed 
cheese. 


Manufacture 

The manufacturing process begins with scraping and washing the 
cheese, which is then ground. In large factories the shredded cheese 
is melted continuously and in smaller plants it is transferred to cookers, 
of which there are several types, one of which is shown in figures 
14.48 and 14.49. 

Firstly water, salt and emulsifier/stabiliser are mixed into the cheese. 
The mixture is heated to 70 - 95°C, or even higher (depending on the 
type of processed cheese), in steam-jacketed cookers and by direct 
steam injection to speed up the cooking time, 4- 5 min. for block cheese 

and 10 — 15 min. for spreads. It is kept constantly agitated during heating 
to avoid scorching. The process usually takes place under vacuum, which 
Fig. 14.49 Cooker, open and tilted for offers advantages from the point of view of heating and emulsification. It 
emptying. removes undesirable odours and flavours and makes it easier to regulate 
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the moisture content. The capacity of a batch cooker is about 75 kg. 

The pH of processed cheese should be 5.6 — 5.9 for spreads and 5.4 — 
5.6 for types to be sliced. Variations in the pH of the raw material are adjust- 
ed by mixing cheese of different pH and adding emulsifiers/stabilisers to 
adjust the pH. The emulsifiers/stabilisers also bind calcium. This is neces- 
sary to stabilise the cheese so that it will not release moisture or fat. 

The processed cheese is then discharged from the cooker into a stain- 
less steel container which is transported to the packing station and emptied 
into the feed hoppers of the packing machines. The latter are usually fully 
automatic and can produce packages of different weights and shapes. 

Normally the cheese is hot-packed at cooking temperature. 

The spreadable type of processed cheese should be cooled as rapidly 
as possible and should therefore pass through a cooling tunnel after pack- 
ing. Rapid cooling improves the spreading properties. 

The cheese block on the other hand should be slowly cooled. After 
moulding the cheese is left at ambient temperature. 
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Chapter IS 


Whey processing 


Whey, the liquid residue of cheese and casein production, is one of the 
biggest reservoirs of food protein still remaining largely outside human 
consumption channels. World whey output, at approximately 120 million 
tonnes in 1990, contains some 0.7 million tonnes of relatively high-value 
protein, equal to the protein contents of almost 2 million tonnes of soya 
beans. Yet, despite the chronic protein shortage in large parts of the 
world, a very considerable proportion of the total whey output is still 
wasted - the proportion of wastage was roughly 50% in 1989-1990. 


Whey comprises 80-90% of the total volume of milk entering the pro- 
cess and contains about 50% of the nutrients in the original milk: soluble 
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Table 15.1 


protein, lactose, vitamins and minerals. Whey as a by-product from the 
manufacture of hard, semi-hard or soft cheese and rennet casein is known 
as sweet whey and has a pH of 5.9 — 6.6. Manufacture of mineral-acid 
precipitated casein yields acid whey with a pH of 4.3 - 4.6. Table 15.1 
shows approximate composition figures for whey from cheese and casein 
manufacture. 


Approximate composition of whey, % 


Constituent Cheese whey Casein whey 
% % 
Total solids 6.4 6.5 
Water 93.6 93.5 
Fat 0.05 0.04 
True protein 0.55 0.55 
NPN (non-protein nitrogen) 0.18 0.18 
Lactose 4.8 4.9 
Ash (minerals) ORS 0.8 
Calcium 0.043 0.12 
Phosphorus 0.040 0.065 
Sodium 0.050 0.050 
Potassium 0.16 0.16 
Chloride 0.11 0.11 
Lactic acid 0.05 0.4 
Table 15.2 
Examples of utilisation of whey and whey products. 
Whey product Whey Whey concentrate Whey protein Lactose 
or powder conc. or powder 
ro} 
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Animal feed ° ° ° 
Human consumption 
Baby food ° ° o ° e 
Diet food ° °. o ° ° o 
Sausages ° ° 
Soups eo o o 
Bakery products ° e ° 
Salad dressings ° ° 
Whey spread/cheese e 
Cheese, natural processed ° ° 
Beverages e 
Confectionery eo o o A 


Pharmaceutical products 
Yeast products 


Industrial products 


332 


Dairy Processing Handbook/chapter 15 


Whey is very often diluted with water. The figures above relate to undilu- 
ted whey. As to the composition of the NPN fraction, about 30% consists of 
urea. The rest is amino acids and peptides ( gluco macro peptide from 
renneting action on casein). Table 15.2 lists some fields of application for 
whey and whey products. 


Chemical 
reaction 


Concentration 
of total solids 


Lactose 
conversion 


Fractionation 
of total solids 


De- 
salination 


Nano- lon ex- 
filtration change 


Lactose 
hydrolysis 


Fermen- 
tation 


Reverse 
osmosis 


Protein 
recovery 


Ultrafil- | Centri- Chroma- 
tration | whey tography 


Electro 


Bio- Meta- Enzy- 
dialysis 


: ; Am- 
Evaporation mass bolites || | matio | Acid Urea monia 


Fines Whey Dried whey Whey protein Lactoperoxidase Partially Desalinated Single Alcohol Glucose/ Lactosyl Ammonium 
recovery cream powder concentrate Lactoferrin desalinated whey powder cell protein lactic acid galactose urea lactate 
Condensed whey (WPC) a-lactalbumin whey powder (SCP) vitamin B12 syrup 
B-lactoglobulin penicillin 


Sweetened 
condensed whey Lactose 


Fig. 15.1 Whey processing alterna- 
tives. 
Although whey contains valuable nutrients, it is only in recent years that new 
commercial processes have been developed for the manufacture of high- 
quality whey products. 
The block diagram in figure 15.1 summarises various processes used in 
the treatment of whey and its end products. Regardless of the subsequent 
treatment of the whey, the first stage is separation of fat and casein fines, 
figure 15.2 — partly to increase the economic yield and partly because these 
constituents interfere with subsequent treatment. 
Production of whey powder, demineralised whey powder, lactose and 
delactosed whey powder predominates. However, a gradual shift is in 
progress towards new and interesting products that will transform the im- 
age of whey from an unwanted byproduct to an important raw material for 
the manufacture of quality products. Some of the products currently in use 
are described in this chapter. 


Different whey processes 


Whey must be processed as soon as possible after collection, as its tem- 
perature and composition promote the growth of bacteria. Otherwise the 
whey should be quickly cooled down to about 5°C to temporarily stop 
bacterial growth. 

If legally permitted, whey can be preserved by addition of sodium bisul- 
phite, typically 0.4 % calculated as sulphur dioxide (SO,), or hydrogen per- 
oxide (H,O,), typically 0. 2 % of a 30 % H,O, solution. 


Casein fines recovery and 
fat separation 


Casein fines are always present in whey. They have an adverse effect on fat 
separation and should therefore be removed first. Various types of separa- 
tion devices can be utilised, such as cyclones, centrifugal separators or 
rotating filters, figure 15.2. 
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Fig. 15.2 Fines and fat separation from whey. 


Fat is recovered in centrifugal separators. 

The fines are often pressed in the same way as cheese, after which they 
can be used in processed cheese and, after a period of ripening, also in 
cooking. 

The whey cream, often with a fat content of 25 — 30%, can be re-used in 
cheesemaking to standardise the cheese milk; this enables a corresponding 
quantity of fresh cream to be utilised for special cream products. 


Cooling and pasteurisation 


Whey which is to be stored before processing must either be chilled or 
pasteurised as soon as the fat has been removed. For short-time storage, 
10 - 15 hours, cooling is usually sufficient to reduce bacterial activity. Long- 
er periods of storage require pasteurisation of the whey. 


Concentration of total solids 


Concentration 


Whey concentration traditionally takes place under vacuum in a falling-film 
evaporator with two or more stages. Evaporators with up to seven stages 
have been used since the mid-seventies to compensate for increasing ener- 
gy costs. Mechanical and thermal vapour compression have been intro- 
duced in most evaporators to reduce evaporation costs still further. 

RO (reverse osmosis) plants of tubular design have also been installed in 
many plants for preconcentration before the whey is sent back to the farm- 
ers and before being evaporated to final concentration. 

After evaporation to 45 — 65% total solids, the concentrate is cooled 
rapidly to about 30°C in a plate heat exchanger and transferred to a triple- 
jacketed tank for further cooling to 15 — 20°C accompanied by constant 
stirring. This may continue for 6 — 8 hours to obtain the smallest possible 
crystals, which will give a non-hygroscopic product when spray dried. 

Concentrated whey is a supersaturated lactose solution and, under 
certain conditions of temperature and concentration, the lactose can some- 
times crystallise before the whey leaves the evaporator. At concentrations 
above a DM content of 65% the product can become so viscous that it no 
longer flows. 

For more information on RO and evaporators see chapter 6, sections 6.4 
and 6.5. 


Drying 
Basically whey is dried in the same way as milk, i.e. in drum or spray dryers, 
see under milk powder in chapter 17. 

The use of drum dryers involves a problem: it is difficult to scrape the 
layer of dried whey from the drum surface. A filler, such as wheat or rye 
bran, is therefore mixed into the whey before drying to make the dried prod- 
uct easier to scrape off. 

Spray drying of whey is at present the most widely used method of dry- 
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ing. Before being dried, the whey concentrate is usually treated as men- 
tioned above to form small lactose crystals, as this results in a non-hygro- 
scopic product which does not go lumpy when it absorbs moisture. 

Acid whey from cottage cheese and casein production is difficult to dry 
due to its high lactic acid content. It agglomerates and forms lumps in the 
spray dryer. Drying can be facilitated by neutralisation and additives, such 
as skimmilk and cereal products, but this type of whey is not processed 
nowadays. 


Fractionation of total solids 


Protein recovery 

Whey proteins were originally isolated through the use of various precipita- 
tion techniques, but nowadays membrane separation (fractionation) and 
chromatographic processes are used in addition to both precipitation and 
complexing techniques. The process that has been most extensively used 
for separation of whey proteins from whey serum is heat denaturation. The 
precipitated protein formed by this process is either insoluble or sparingly 
soluble depending on the conditions prevailing at denaturation; it is called 
heat-precipitated whey protein (HPWP). 

Fink and Kessler (1988) state that a maximum whey protein denaturation 
rate of 90% is possible for all denaturable fractions. Proteose peptone, 
comprising some 10% of the fraction, is considered undenaturable. 

Native whey proteins, as constituents of whey powders, can easily be 
produced by careful drying of whey. Because of their unfavourable compo- 
sition, they have only a limited application in foodstuffs (only some 11% 
protein and a high lactose and ash content). Isolation of native whey pro- 
teins has therefore been developed. The native whey proteins obtained by 
membrane separation or ion exchange possess good functional properties, 
as to solubility, foaming, emulsion formation and gelling. 


Protein recovery by UF 
Native protein concentrates have a very good amino acid profile with high 
proportions of available lysine and cysteine. 

Whey protein concentrates (WPC) are powders made by drying the 
retentates from ultrafiltration of whey. They are described in terms of their 
protein content, % protein in dry matter, ranging from 35% to 85%. To 
make a 35% protein product the liquid whey is concentrated about 6-fold to 
an approximate total dry solids content of 9%. 

Example: 100 kg of whey yields approximately 17 kg of retentate and 
83 kg of permeate at close to 6-fold (5.88) concentration. Table 15.3 shows 
the compositions of the feed (whey) and the resulting retentate and per- 
meate. 


Table 15.3 
Composition of whey and resulting retentate and permeate. 


Weight in 100 kg Weight in 17 kg Weight in 83 kg 


Component Ordinary whey Retentate Permeate 
kg % kg % kg % 
True protein 0.55 0.55 0.55 3.24 (0) (0) 
Lactose 4.80 4.80 0.82 4.82 3.98 4.80 
Ash 0.80 0.80 0.14 0.82 0.66 0.80 
NPN* 0.18 0.18 0.03 0.18 Ons OLS) 
Fat 0.03 0.08 0.03 0.18 (0) (0) 
Total DM 6.36 6.36 1.57 9.24 4.79 5.78 


* NPN = Non-protein nitrogen 
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Fig. 15.3 Process for recovery of a 
dried protein concentrate using UF. 
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% protein in dry matter according to the values in table 15.3: 


In concentration most of the true protein, typically > 99%, is retained to- 

gether with almost 100% of the fat. The concentrations of lactose, NPN and 

ash are generally the same in the retentate serum and permeate as in the 

original whey, but a slight retention of these components is reported. The 

overall retention figures, however, depend very much on: 

e The type of membrane 

e The flux 

e The character of the feed (prediluted with water, pre-concentrated after 
demineralisation, etc.) 


To obtain an 85% protein concentrate the liquid whey is first concentrated 
20 - 30-fold by direct ultrafiltration to a solids content of approximatively 
25%; this is regarded as the maximum for economic operation. It is then 
necessary to diafilter the concentrate to remove more of the lactose and 


Dairy Processing Handbook/chapter 15 


ash and raise the concentration of protein relative to the total dry matter. 
Diafiltration is a procedure in which water is added to the feed as filtration 
proceeds in order to wash out low molecular components which will pass 
through the membranes, basically lactose and minerals. 

Table 15.4 shows the compositions of some typical whey protein con- 
centrate (WPC) powders. 

A process line for production of dried protein using UF is shown in figure 
15.3. About 95% of the whey is collected as permeate, and protein con- 
centrations as high as 80 - 85% (calculated on the DM content) can be 
obtained in the dried product. For further details about UF see chapter 6.4, 
membrane filters. 


Defatting of whey protein concentrate (WPC) 

Defatted WPC powder containing 80 - 85% protein dry matter is a very 
interesting option for some applications, e.g. as a replacement for white of 
egg in whipped products such as meringues and as a valuable ingedient in 
various foods and fruit beverages. 

Treatment of the whey retentate from a UF plant in a microfiltration (MF) 
plant can reduce the fat content of 80 - 85% WPC powder from 7.2% to 
less than 0.4%. Microfiltration also concentrates fat globule membranes 
and most of the bacteria in the MF retentate, which is collected and dis- 
posed of separately. The defatted MF permeate is routed to a second UF 
plant for further concentration; this stage also includes diafiltration. 

As figure 15.4 shows, the whey is preheated (1) and separated (2) to 
recover as much fat as possible in the form of 25 — 30% cream. This cream 
can be re-used for fat standardisation of cheese milk. The separation stage 
also removes fines. After this the whey is pasteurised (1) and cooled to 
about 55 — 60°C before being transferred to an intermediate holding tank. 

After a hold the whey is pumped to the first UF plant (4), where it is con- 
centrated about threefold. The retentate is pumped to the MF plant (5), 
while the permeate goes to a collecting tank after regenerative cooling (1). 

The retentate from MF treatment, which contains most of the fat and 
bacteria, is collected separately, and the defatted permeate is forwarded to 
further ultrafiltration with diafiltration (6). The resulting WPC with about 20 - 
25% DM is then spray-dried to reduce the moisture content to a maximum 
of 4% before bagging. 
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Fig. 15.4 Process for defatting of whey 
protein retentate. 
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Recovery of denatured whey protein 

In general, serum protein or whey proteins cannot be precipitated by rennet 

or acid. It is however possible to precipitate whey proteins with acid if they 

are first denatured by heat. The process is divided into two stages: 

e Precipitation (denaturing) of the protein by a combination of heat 
treatment and pH adjustment, 

e Concentration of proteins by centrifugal separation. 

Denatured whey proteins can be mixed with cheese milk prior to renneting; 

they are then retained in the lattice structure formed by the casein mole- 

cules during coagulation. This discovery led to intensive efforts to find a 

method of precipitating and separating whey proteins as well as a tech- 

nique for optimising the yield while retaining the characteristic aroma and 

texture of the cheese in question. 
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Fig. 15.5 Recovery of denatured whey proteins. 


Figure 15.5 shows the Centri-Whey process line for manufacture of de- 
natured whey proteins. After pH adjustment the whey is pumped via an 
intermediate tank (1) to a plate heat exchanger (2) for regenerative heating. 
The temperature of the whey is raised to 90 — 95°C by direct steam injec- 
tion (3) before it passes through a tubular holding section (4) with a holding 
time of 3— 4 minutes. Acid is introduced during this stage to lower the pH. 
The acid is either organic or inorganic (e.g. lactic acid or edible hydrochloric 
acid ) as stipulated. 

Those proteins that can be, and have been, modified by heat are precipi- 
tated within 60 seconds in a tubular holding section (4). 

After regenerative cooling to about 40°C the precipitated proteins are 
separated from the liquid phase in a solids-ejecting clarifier (6). The clarifier 
discharges, at intervals of about 3 minutes, the accumulated protein in the 
form of a 12 - 15% concentrate of which about 8 — 10% is protein. This 
method results in 90 - 95% recovery of the coagulable proteins. 

The addition of concentrated whey protein to cheese milk — principally in 
the manufacture of soft and semi-hard cheeses — causes only minor chan- 
ges in the coagulating properties. The structure of the curd becomes finer 
and more uniform than with conventional methods. The processed whey 
proteins are more hydrophilic than casein. In the making of Camembert 
cheese, for example, an increase in yield of 12% has been reported. 
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Chromatographic isolation of lactoperoxidase 


and lactoferrin 
Generally speaking, use of natural bioactive agents is of very great 
interest in products like infant formulas, health foods, skin creams and 
toothpaste. Examples of such components are the bioactive proteins 
lactoperoxidase (LP) and lactoferrin (LF) existing at low contents in 
whey, typically 20 mg/l of LP and 35 mg/l of LF. The Swedish Dairies Cross-flow Retentate 
Association (SMR) has developed a patented process based on chro- microfiltration 
matography for isolation of these proteins from cheese whey on an 
industrial scale. 

The basic principle underlying the process is the fact that both LP 


Pasteurised, 
separated 
cheese whey 


and LF have isoelectric points in the alkaline pH area, 9.0 — 9.5, lon exchange 
which means that these proteins are positively charged at the normal i Permeate 
elution 


pH of sweet whey, 6.2 — 6.6, while the rest of the whey proteins 
e.g. B-lactoglobulin, a-lactalbumin and bovine serum albumin are 


negatively charged in the same pH range. A fundamentally suita- L LF 

ble process for isolation of LP and LF is therefore to pass a spe- Batch 

cially designed cation exchange resin for selective adsorp- processing 

tion. The LP and LF molecules thus bind to the 

negatively charged functional group of the cation Ultrafiltration Ultrafiltration 

exchanger by charge interaction, leading to including including 

fixation of these molecules on the ion exchange Permeate diafiltration diafiltration Permeate 


resin, while the other whey proteins pass 
through because of their negative charge. 

To make the process industrially viable, some 
basic criteria have to be satisfied. One of them 
is the need for a “particle-free” whey to maintain Sterile filtration Sterile filtration 
a high flow rate during the loading phase, be- (cross-flow (cross-flow 
cause very large volumes of whey have to pass Permeate __Microfiltration) microfiltration) 
the ion exchange resin to achieve saturation. 

Cross-flow microfiltration (MF) with a pore size of 1.4 

um operated under a uniform transmembrane pressure 
(UTP) has proved to be a successful technique for getting 
particle-free whey. Stable flux of 1 200 — 1 500 I/m*h is 
easily sustained for 15 — 16 hours. This type of pretreat- 
ment of the whey avoids build-up of increasing back 
pressure over the ion exchange column. 

The ion exchange resin has a capacity to adsorb altogether Fig. 15.6 Block diagram for isolation of 
40 - 45 g of LP and LF per litre of resin before breakthrough occurs. With a /actoperoxidase (LP) and lactoferrin ( LF ) 
resin bed volume of 100 |, almost 100 000 | of whey can be treated per from whey. 
cycle. 

With properly chosen conditions for elution of adsorbed bioactive pro- 
teins on the column it is possible to obtain very pure fractions of LP and LF. 

Salt solutions of different strengths are used for this step. The proteins in 
the eluates occur in fairly concentrated form, of the order of 1% by weight. 
The ion exchange step thus concentrates LP and LF by a factor of almost 
500 compared to the original whey. Further processing of the eluates by UF 
and diafiltration yields very pure protein products, appr. 95% purity. Finally, 
after sterile filtration in a cross-flow microfilter with 0.1 - 0.2 um pores, the 
protein concentrates are spray dried. The overall process is illustrated in 
figure 15.6. 


Permeate 


Spray drying Spray drying 


Lactose recovery 


Lactose is the main constituent of whey. There are two basic methods of 

recovery, depending on the raw material: 

e Crystallisation of the lactose in untreated but concentrated whey; 

e Crystallisation of lactose in whey from which the protein has been 
removed by UF or some other method before concentration. 

Both methods produce a mother-lye, molasses, which can be dried and 

used as fodder. The feed value can be increased considerably if the molas- 

ses is desalinated and if high-quality proteins are added. 
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Fig. 15.7 Process line for lactose = 
manufacture. | l 


Crystallisation 

The crystallisation cycle is determined by the following factors: 

Crystal surface available for growth 

Purity of the solution 

Degree of saturation 

Temperature 

Viscosity 

e Agitation of the crystals in the solution 

Several of these factors are mutually related to each other, for example 
degree of saturation and viscosity. 

Figure 15.7 shows a production line for manufacture of lactose. The 
whey is first concentrated by evaporation to 60 — 62% DM and then trans- 
ferred to crystallisation tanks (2) where seed crystals are added. Crystallisa- 
tion takes place slowly according to a predetermined time/temperature 
programme. The tanks have cooling jackets and equipment for control of 
the cooling temperature. They are also fitted with special agitators. 

After crystallisation the slurry proceeds to decanter centrifuges (3) for 
separation of the crystals, which are dried (4) to a powder and following 
grinding, typically in a hammer mill, and sifting the lactose is packed (5). 

For efficient and simple separation of lactose crystals from the mother 
liquor, crystallisation must be arranged so that the crystals exceed 0.2 mm 
in size — the larger the better for separation. 

The degree of crystallisation is determined in principle by the quantity of 
B-lactose converted to the desired a-lactose form, and the cooling of the 
concentrate must therefore be carefully controlled and optimised. 


Lactose separation 

Various types of centrifuges can be used for harvesting lactose crystals. 
One is the horizontal decanter centrifuge, figure 15.8, which operates con- 
tinuously and has a screw conveyor for unloading the lactose. Two ma- 
chines are installed in series. The lactose from the first is reprocessed in the 
second for more efficient separation. During separation, impurities are 
washed from the lactose so that a high degree of purity is obtained. The 
residual moisture content of the lactose after the second separation stage is 
< 9% and pure lactose accounts for about 99% of the dry solids. 


Drying 

The lactose is dried after separation to a residual moisture content of 0.1- 
0.5%, depending on the future use of the product. The temperature during 
drying should not exceed 93°C, as B-lactose is formed at higher tempera- 
tures. The drying time must also be taken into consideration. During quick 


Dairy Processing Handbook/chapter 15 


in 
Aa 
W 


Se Pane, 
atts 
| 

f 


Poe teases 


1 Feed 
2 Outlet for liquid phase 
3 Outlet for solids phase 


m 


Fig. 15.8 Decanter centrifuge. 


drying a thin layer of amorphous (shapeless, non-crystalline) lactose tends 
to form on the a-hydrate crystal, and this may later result in formation of 
lumps. Drying usually takes place in a fluidised bed drier. The temperature is 
maintained at 92°C and the drying time is 15 — 20 minutes. The dried sugar 
is transported by air at a temperature of 30°C, which also cools the sugar. 

The crystals are normally ground to a powder immediately after drying 
and are then packed. 


Refining of lactose 

A higher degree of purity is required for some applications, e.g. pharmaceu- 
tical manufacturing processes. Lactose for such use must therefore be 
further refined. During refining the lactose is re-dissolved in hot water to a 
concentration of 50%. Active carbon, phosphate and a filtration agent are 
added at the same time. After filtration the lactose solution is transferred to 
a tank where crystallisation takes place. The purified lactose is then sepa- 
rated, dried, ground and packed. 


Demineralisation (Desalination) 
As whey has a fairly high salt content, about 8 - 12% calculated on dry 
weight, its usefulness as an ingredient in human foods is limited. By having 
the whey demineralised, various fields of application can however be found 
for whey which is partially (25 — 30%) or highly (90 - 95%) demineralised. 
Partially demineralised whey concentrate can for instance be used in the 
manufacture of ice-cream and bakery products or even in quarg, whereas 
highly demineralised whey concentrate or powder can be utilised in formu- 
las for infants and, of course, in a very wide group of other products. 


Principles of demineralisation 
Demineralisation involves removal of inorganic salts together with some 
reduction in the content of organic ions such as lactates and citrates. 
The partial demineralisation is mainly based on utilisation of cross-flow 
membranes specially designed to “leak” particle species that have radii in 
the nanometer (10-9 m) range. This type of filtration is called nanofiltration 
(NF). 
The high degree desalination is based on either of two techniques: 
e Electrodialysis 
e lon exchange 


Partial demineralisation by NF 
By using a specially designed “leaky” RO membrane small particles like 
certain monovalent ions, e.g. sodium, potassium, chloride and small organ- 
ic molecules like urea and lactic acid can escape through the membrane 
together with the aqueous permeate. This membrane process is known by 
various names such as ultraosmosis, “leaky” RO and nanofiltration (NF). 
Because of their greater compactness, spiral wound membranes are 
most often used in new installations today (1994). For further information 
about this tyoe of membrane see chapter 6.4, membrane filters. 
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Examples of permeation rates of normal sweet whey constituents during 
nanofiltration are given in table 15.5. 

As the table shows, reduction of the chloride content in sweet whey can 
be as high as 70% and that of sodium and potassium 30 - 35%. The rea- 
son for this difference in elimination of ions is the need of maintaining an 
electrochemical balance between negative and positive ions. 

A critical aspect of nanofiltration in whey processing is that the leakage 
of lactose must be kept to a minimum (<0.1%) to avoid problems with high 
BOD (biological oxygen demand) in the waste water (permeate). Installation 
of NF equipment in whey processing can be considered in the following 
situations : 

e As a low-cost alternative to diminish the salty taste of ordinary sweet 
whey powder; 

e As a preliminary step to more complete demineralisation of whey by 
electrodialysis and ion exchange; 

e For acid removal in hydrochloric and lactic acid casein whey; note that 
the permeation rate is low for lactate ions but high for free lactic acid 
molecules; 

e For salt reduction in salted whey (e.g. salt drippings in Cheddar cheese 
production). 


Table 15.5 
Permeation rates of normal sweet whey constituents during 


nanofiltration 


Conditions Reduction % 
Final DM 22% Potassium 31 
Concentration factor 4x Sodium 33 
Temperature 21O Chloride 67 
Pressure 2.5 MPa (25 bar) Calcium 3 
Magnesium 4 
Calcium 3 
Magnesium 4 
Phosphorus 6 
Citrate 0) 
Lactate ZO 
Ash 25 
Total DM 3 
NPN 27 
Lactose <0.03 


High degree demineralisation 


Electrodialysis 
Electrodialysis is defined as the transport of ions through non-selective 
semi-permeable membranes under the driving force of a direct current (DC) 
and an applied potential. The membranes used have both anion and cation 
exchange functions, making the electrodialysis process capable of reducing 
the mineral content of a process liquid, for example seawater or whey. 

Figure 15.9 is a schematic picture of an electrodialysis unit. It consists of 
a number of compartments separated by alternate cation and anion ex- 
change membranes which are spaced about 1 mm or less apart. The end 
compartments contain electrodes. There can be as many as 200 cell pairs 
between each pair of electrodes. 

The two electrodes at each end of the cell stack have separate rinse 
channels as shown in figure 15.9, through which a separate acidified stream 
is circulated to protect the electrodes from chemical attack. 
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Fig. 15.9 Cell packs for electrodialysis. A = Anions = positively charged 
C = Cations = negatively charged 
For whey treatment, the whey feed and acidified brine pass through DC = Direct Current 
alternate cells in the stack, whose construction can be likened to that of a — We 
reat y 
plate heat exchanger or plate sheet ultrafiltration module. Salt (brine) solution 
=m Electrode rinse solution 
Operating principle 
Alternate cells in the electrodialysis stack act as concentration and dilution 
cells respectively. Whey is circulated through the dilution cells, and a 5% 
brine carrier solution through the concentration cells. 
When direct current (DC) is applied across the cells, cations attempt to 
migrate to the cathode and anions to the anode as shown in figure 15.9. 
However, completely free migration is not possible because the membranes 
act as barriers to ions of like charge. Anions can pass through an anion 
membrane, but are stopped by a cation membrane. Conversely, cations 
can pass through a cation membrane but not an anion membrane. The net 
result is depletion of ions in the whey (dilution) cells. The whey is thus de- 
mineralised, to an extent determined by the ash content of the whey, resi- 
dence time in the stack, current density and flow viscosity. 
The electrodialysis plant can be run either continuously or in batches. A 
batch system, which is often used for demineralisation rates above 70%, 
can consist of one membrane stack over which the process liquid, e.g. 
whey, is circulated until a certain ash level is reached. This is indicated by 
the conductivity of the process liquid. The holding time in a batch system 
can be as long as 5 - 6 hours for 90% demineralisation at 30 — 40°C. Pre- 
concentration of the whey to 20 — 30% DM is desirable with regard to ca- 
pacity utilisation and electric power consumption. The whey concentrate 
should be clarified before it enters the electrodialysis unit. 
The high process temperature means that there is a risk of bacteriologi- 
cal growth taking place in the product. A bacteriostatic compound such as 
hydrogen peroxide is therefore often added to the whey, when allowed. The 
process liquid heats up during the process, so a cooling stage is needed to 
maintain the process temperature. In a continuous plant, consisting of five 
membrane stacks in series, the holding time can be reduced to 10 — 40 
minutes. The maximum demineralisation rate of such a plant is often limited 
to about 60 — 70%. In relation to capacity, the installed membrane area is 
much larger in a continuous plant than in a batch plant. 
An electrodialysis plant can easily be automated and furnished with a 
programmed CIP system. The cleaning sequence normally includes water 
rinse, cleaning with an alkaline solution (max. pH 9), water rinse, cleaning 
with hydrochloric acid (oH 1) and a final water rinse. A typical cleaning pro- 
gramme takes 100 minutes. 
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Electrodialysis is best for 
demineralisation levels below 
70%, where it is very 
competitive compared to ion 
exchange. 


Power supply and automation 

Direct current is used in the electrodialysis plant, which should have facilities 
for regulating current in the range of O —- 185 A and voltage in the range of O 
— 400 V. Flow rates, temperatures, conductivity, pH of process water and 
product, product inlet pressure, pressure difference between the stacks and 
current, as well as voltage over each membrane stack, are monitored and 
controlled during production. 


Limiting factors in electrodialysis 

A major limiting factor for using electrodialysis in dairy processing is the cost 

of replacing membranes, spacers and electrodes, which constitutes 35 — 

40% of the total running costs in the plant. Replacement is necessary due 

to fouling of the membranes, which in turn is caused by: 

e Precipitation of calcium phosphate on the cation exchange membrane 
surfaces 

e Deposition of protein on the anion exchange membrane surfaces. 

The first problem can be handled by proper flow design over the membrane 

surface and regular acid cleaning. 

Protein deposits are the main factor in shortening the lifetime of the anion 
membranes. The background to this problem is as follows: at the normal 
pH of whey, the whey proteins can be regarded as large negative ions (ani- 
ons) and move as such under the influence of the electrical field in the 
stack. These molecules, being too large to pass through the anion ex- 
change membranes, are deposited as a thin protein layer on the faces of 
the anion exchange membranes in the whey compartments. Techniques 
such as polarity reversal can be used to dislodge these deposited materials 
from the membrane. 

Although frequent high-pH cleaning removes most of the deposits, dis- 
assembly of the stack for manual cleaning is recommended at intervals of 2 
— 4 weeks. 

The processing cost of electrodialysis depends very much on the de- 
mineralisation rate. Increasing the capacity in steps from 50% to 75% to 
90% doubles the processing cost per step. This means that it is four times 
as expensive per kilo of product solids to demineralise to 90% than to 50%; 
the reason is that plant capacity is reduced at 90% demineralisation. 

Water treatment, electric power, chemicals and steam account for the 
operating costs of a demineralisation plant. Waste water treatment is a 
particularly heavy item. During production lactose leaks through the mem- 
branes at a rate of 7 - 10% at 90% demineralisation. The phosphate re- 
moved from whey also accumulates in the waste stream. The cost of elec- 
tric power amounts to 10 — 15% of the processing cost, while the chemi- 
cals used in the process, mainly hydrochloric acid, account for less than 
5%. The cost of steam used for preheating the product and cooling costs 
for control of process temperature are 10 - 15%, depending on the de- 
mineralisation level. 

Electrodialysis is best for demineralisation levels below 70%, where it is 
very competitive compared to ion exchange. 


lon exchange 
In contrast to electrodialysis, the process which removes ionisable solids 
from solutions on a continuous electro-chemical basis, an ion exchange 
process employs resin beads to adsorb minerals from solution, in exchange 
for other ionic species. The resins have a finite capacity for this, so that 
when they are completely saturated, the adsorbed minerals must be re- 
moved and the resins regenerated before reuse. Normally the resins are 
used in fixed columns of suitable design. 

lon exchange resins are macromolecular porous plastic materials, 
formed into beads with diameters in the range of 0.3 to 1.2 mm for techni- 
cal applications. Chemically they act as insoluble acids or bases which, 
when converted into salts, remain insoluble. The main characteristic of ion 
exchange resins is their capacity to exchange the mobile ions they contain 
for ions of the same charge sign, contained in the solution to be treated. A 
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simple example of this reaction is shown for sodium chloride removal, 
where R is the exchange group bound to the insoluble resin. 


Cation exchange R-H+Nat*t = R-Na+H*  resinin H* form 


Anion exchange R-OH+Chr= R-CI+0OH- resinin OH form 


The reaction above is deliberately written as an equilibrium, because the 
direction in which the reaction goes depends on the ion concentration in the 
liquid and in the solids phase of the resin. The equilibrium is characterised 
by aconstant. On regeneration the reaction is reversed when the sodium- 
laden ion exchange resin is treated with, say, a 4% hydrochloric acid solu- 
tion. The high concentration of hydrogen ions in the acid drives the equilibri- 
um to the left. 

The equilibrium constant varies depending on ion species, which gives 
the selectivity of ion exchange processes. Generally speaking, multivalent 
ions have higher selectivity than monovalent ones and ions of the same 
valence are selected by size, large ions having higher selectivity. For cations 
typically found in dairy process streams, selectivity decreases in the order 
Ca?+>Mg?t>Kt>Nat. 

Similarly, anion exchange selectively can be classified in the following 
way: citrate? > HPO,” > NO* > Cr. 

In practice this means that the ion exchanger, after being exhausted by a 
liquid containing different ion species, will exist in different forms along the 
length of the column as described in figure 15.10. This figure shows what 
happens in a column treating ordinary raw water in a cation exchanger 
loaded in the hydrogen ion form. The situation after regeneration with acid is 
also shown. It can be seen that the ions that remain longest in the cation- 
exchange column are Na ions. This can be understood from the selectivity 
order described above. 

Going back to the picture of the exhausted cation-exchange column in 
the figure, the segregated distribution of ions means that Na ions leak first, 
followed by Mg and Ca ions. An initial ion leakage in the exhaustion phase 
may occur when the ion exchanger is not fully regenerated, but after a while 
the Na ions are eluted and replaced by H ions (see figure 15.10). The status 
of the lower part of the ion exchanger determines the leakage of ions from 
the process liquid. 


Water ==> Water => 


Top of resin ==> 


At the end of After downflow 
normal exhaustion regeneration 
== => Acid 


Fig. 15.10 Cation exchanger resin bed before and after regeneration with acid. 
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lon exchange resin characteristics 

lon-exchange resins in industrial use today are based on polymeric plastic 
materials to build up the porous matrix structure. Common materials are 
polystyrene/divinyl benzene and polyacrylate. Functional groups are chemi- 
cally bound to this matrix structure. Typical groups are: 


e Sulphonic groups - SO, Ht (strong acid cation exchanger) 
e Carboxyl groups - COO- H+ (weak acid cation exchanger) 
e Quatenary amine N OH- (strong base anion exchanger) 
e Tertiary amines -NH* OH- (weak base anion exchanger) 


Both strong base and strong acid exchangers are fully ionised in the whole 
pH interval, O —- 14. Weak base and weak acid ion exchangers have a re- 
stricted pH area in which they are active. Weak acid cation exchangers 
cannot normally be used in the low pH range, O - 7, because the carboxyl 
groups are mainly present in their free acid form as determined by their 
acid/base dissociation constant (often expressed as pK, = -10 logarithm of 
the dissociation constant). At pH values higher than pk, the carboxylic 
groups are in their salt form, and can consequently participate in ion ex- 
change reactions. As a contrast, weak base anion exchange resins are only 
active in the low pH range, O - 7. 

From the ease-of-regeneration point of view it is beneficial to use weak 
resins whenever possible. They can be regenerated with acid/base respec- 
tively with an excess of only 10 — 50% of the theoretically needed amount. 
Strong resins require an acid/base excess of 300 - 400% compared with 
the theoretical value for regeneration. For demineralisation according to the 
classical procedure, a strong acid cation exchanger regenerated in the 
hydrogen form is combined with a weak base anion exchanger working in 
the free base (hydroxyl) form. It is not possible to use a weak acid cation 
exchanger instead of a strong one, because of the very advantageous equi- 
librium for exchange of cations for the hydrogen bound to the hydroxylic 
groups. 

Other important characteristics of ion exchangers, which are not further 
discussed, are: 
lon exchange capacity 
Swelling properties 
Mechanical strength 
Fluidisation during backflushing of the bed 
Pressure drop 
Flow-velocity restrictions 
Water rinse requirements after regeneration 


lon exchange processes for demineralisation 
Demineralisation by ion exchange has long been an established process for 
water treatment but has also been adopted during the past two decades 
for "de-ashing" of whey. Whey is not a uniform product as to composition. 
Whey from an acid casein/cheese curd has a pH of 4.3 — 4.6, while the pH 
of sweet whey is 6.3 — 6.6. The main difference between these two types of 
whey, apart from the acidifying medium, is the high level of calcium phos- 
phate in the acid whey. It is good practice to use the cations as the base for 
calculating the salt load in whey because the anions, e.g. citrates and phos- 
phates, are involved in proteolytic reactions. This complicates the calcula- 
tion of specific ion contents. The figures for cation content are typical of 
sweet and acid whey respectively and are shown in table 15.6. 

Whey can consequently be characterised as a liquid with a high salt load 
which, as a consequence, results in short cycles when ion exchange is 
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Table 15.6 
Cation contents of sweet and acid whey. 


lon Sweet whey Acid whey 

% meq/| % meq/l| 
Na 0.050 22.0 0.050 22.0 
K 0.160 41.0 0.160 41.0 
Ca 0.035 WS 0.120 60.0 
Mg 0.007 58 0.012 10.0 
Total 86.3 133.0 


applied. This in turn results in high costs for regeneration chemicals, if they 
are not recovered. 


Conventional ion exchange for demineralisation 

A simple demineralisation plant using ion exchange is shown in figure 
15.11. The whey first enters the strong cation exchanger, loaded in H form, 
and continues to anion exchange in a weak base anion exchanger in its free 
base form. The ion exchange columns are rinsed and regenerated sepa- 
rately with dilute hydrochloric acid and sodium hydroxide (ammonia). Once 
a day the columns are disinfected with a small amount of active chlorine 
solution. 

The following net reactions take place during demineralisation (NaCl is 
used to illustrate the salts of whey and R represents the insoluble resin 
exchange site). 

Cation exchange: R - H + Nat + CF —— R - Na + H+ + CF 

Anion exchange: R - OH + H* + CF — R - CI + H,O 

The various flows in the ion exchange process include the following steps: 
e Exhaustion 

10 - 15 bed volumes of whey can be treated per regeneration. The bed 

volume is based on the bed volume of the cation exchanger. 


e Regeneration 

a eee tof whe Fig. 15.11 Plant for demineralisation of 

p Baki Hng y cheese whey by classical ion exchange. 

e Contact with regeneration solution Whey 

e Water rinse eee HC) 

The ion exchange columns are often made of rubber-lined mild steel to muunna Service water 
mmama NaOH 


avoid corrosion problems. The conical shape is used specially for the anion 
exchanger to allow for swelling of the bed during transition from the free 
base form to the salt form. 

Counter-current flow is often used for regeneration of the cation ex- 
changer. Thus when whey is treated in downward flow, regeneration takes 


mmm maa Disinfectant 


The dotted lines are used in the regener- 
ative and sanitation phases. 
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Fig. 15.12 Unit operations of the SMR 
process. 
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chemicals by as much as 30—40%, but at the expense of a more compli- 
cated design. The plant can easily be automated. Two or three parallel ion 
exchange systems are needed for a continuous flow of whey. A normal 
cycle time is six hours, four of which are used for regeneration. 


Process limitations 

Whey is a liquid with a high salt load, which means short runs between 
regenerations. It also means a high consumption of regeneration chemicals 
and a high salt load in the waste from both ash removal and the required 
surplus of regeneration chemicals. Rinse-water consumption is also high, 
especially for washing out excess sodium hydroxide from the weak anion 
resin. 

Losses of whey proteins occur on the columns due to denaturation/ 
absorption. This is caused by great pH variation in the whey during the ion 
exchange process. Consumption of regeneration chemicals accounts for 60 
— 70% of the operating costs of the process. 

The process is primarily designed for 90% demineralisation, but any 
demineralisation rate can be chosen if a by-pass system is used. 


An alternative ion exchange process 

In order to reduce consumption of regeneration chemicals and thus also 
create a better waste situation for a demineralisation plant, the R & D de- 
partment of the Swedish Dairies Association, SMR, has developed an alter- 
native ion exchange process. In this process, the unit operations of which 
are illustrated in figure 15.12, the whey first enters the anion column con- 
taining a weak base resin regenerated in the bicarbonate form (HCO,). 
During anion exchange the whey anions are exchanged for HCO,” ions. 
After this the whey enters the cation column, containing a weak acid cation 
exchange resin regenerated in the ammonium form (NH,*). During the pas- 
sage of the whey through this column the whey cations are exchanged for 
NH, ions. Thus after the process the whey salts are exchanged for ammoni- 
um bicarbonate (NH, HCO,). The reactions can be summarised in the fol- 
lowing formulae, where NaCl is used to represent the whey salts and R 
represents the insoluble resin exchange site. 

Anion exchange : R - HCO, + Na* + CI- — R-Cl + Nat + HCO,” 

Cation exchange: R — NH, + Na* + HCO, —— R- Na + NH,* + HCO, 
NH, HCO, is a thermolytic salt which decomposes to NH, CO, and H,O 
when heated. It is then volatilised during the subsequent evaporation of the 
whey, Offering the possibility of recovering the NH, and CO, stripped off the 
whey to make up a new regeneration solution (NH, HCO,). Part of the spent 
regeneration solution containing excess NH, HCO, is collected for stripping 
in a distillation tower (about 100% excess NH, HCO, is used). 

Figure 15.13 shows the layout of a full-scale SMR process. The whey is 
first routed to the anion exchange column in HCO, form and then to the 
cation exchange column in NH, form. The ion exchange systems are 
paired, one working while the other is being regenerated. The cycle time is 
four hours. 

After passing the ion exchange unit (1) the cooled whey is used for heat 
recovery in the absorption column and as cooling medium in the condenser 
(2) connected to the distillation tower (9). Then the whey enters the evapo- 
rator (8) and finally the demineralised whey concentrate is spray dried (10). 
The condensate from evaporator stage 2, which is especially rich in ammo- 
nia, is separated from the other condensate streams and continues to the 
absorption tower (4) where it forms the liquid base for the new regeneration 
solution. The condensates from evaporator stages 1 and 2 are used for 
cleaning the ion exchange resins. The ammonia is thus recovered to a great 
extent. Most of the carbon dioxide stripped off during evaporation is recov- 
ered in gaseous form in the exhaust gases from the mechanical vacuum 
pump of the evaporator. This gas flows directly into the bottom of the ab- 
sorption column, where it is completely absorbed together with other inlet 
streams to form NH, HCO,. Recovery is not total, so the absorption tower 
is fitted with lines for injection of fresh 25% NH, solution and CO,,. 
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Fig 15.13 Flow diagram of a full-scale production plant for demineralisation of whey 
powder. 


A Anion exchanger C Cation exchanger 


The part of the regeneration solution which is rich in NH, HCO, is collect- 
ed in a tank (8), where the phosphate is precipitated by addition of MgCl, 
after a minor pH adjustment with NaOH. When the precipitate of magnesi- 
um ammonium phosphate (MgNH,PO,) has settled, the supernatant liquid 
is pumped to the top of the distillation tower (9) and at the same time pre- 
heated in a plate heat exchanger (not shown) using the bottom liquid as the 
heating medium. About 10% of the liquid is stripped off as vapour, which in 
turn is condensed by the ion-exchange treated whey. 

The SMR process has the following characteristics: 

e Low running costs due to recovery of the regeneration chemicals; 
e Low losses of whey solids and only half the salt discharge compared to 

a classical ion exchange process 
e Small variations in pH during ion exchange (6.5 — 8.2), resulting in 

minimum damage to the whey proteins 
e High demineralisation efficiency, over 90% 

e Low operating temperature (6 — 6°C), enhancing the bacteriological 
status of the end product 

e High yield of whey solids compared to classical ion exchange and 
electrodialysis 

e Optimum heat recovery 


Process limitations and costs 
In most cases, depending on the costs of chemicals, the operating costs of 
the SMR process are 30 - 70% lower than those of the classical ion ex- 
change process. Like all systems of demineralisation, electrodialysis and 
traditional ion exchange, this process is sensitive to high Ca contents in the 
feed stream, so it is advisable to use pH adjustment and heating as pre- 
treatment stages before demineralisation. With this technique 80% of the 
calcium phosphate in the acid whey can easily be precipitated and refined 
for use in animal fodder or even for human consumption. 

The equipment for the process includes more components than the 
classical ion exchange process. The capital costs are therefore higher, but 
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these must be weighed against the benefits of low operating costs and 
improved plant environment. 


Lactose conversion 


Lactose hydrolysis 

Lactose is a disaccharide consisting of the monosaccharides glucose and 
galactose, see figure 15.14. Lactose exists in two isomeric forms, a-lactose 
and B-lactose. They differ in the spatial arrangement of the hydroxyl group 
at the C atom in the glucose molecule, and thereby also, amongst other 
things in: 

e Solubility 

e Crystal shape 

e Melting point 

e Physiological effect 

Lactose can be split hydrolytically, i.e. by bonding of water, or by an en- 
zyme. The lactose-splitting enzyme B-galactosidase belongs to the hydro- 
lase group. Figure 15.14 shows enzymatic splitting of lactose into galactose 
and glucose. 


Lactose 


B-Galactosidase 


3 CHOH O 
O | | 
a OH H H 
| 
H | H HO OH 
| | | 
H OH H OH 


B-D-Galactose œ-D-Glucose 


B-D-Galactose o.-D-Glucose 


Fig. 15.14 Chemical structure of lactose and lactose splitting. 


Lactose is not nearly as sweet as other types of sugar. This is shown in 
figure 15.15, which indicates the relative degree of sweetness of different 
types of sugar. Hydrolysis of lactose consequently results in considerably 
sweeter products. 

Some people lack the enzyme that decomposes lactose and therefore 
cannot drink or eat any significant quantities of milk products. This is called 
lactose intolerance. Hydrolysis of the lactose in the milk products allows 
these people to utilise the high-quality proteins, vitamins, etc. in milk prod- 
ucts. 

Some defects, such as sandy texture in ice-cream (crystallisation of 
lactose) are practically eliminated by lactose hydrolysis. 


Enzymatic hydrolysis 
Figure15.16 shows a process for enzymatic hydrolysis of lactose in whey. 
Pretreatment in the form of demineralisation is not essential, but it im- 
proves the taste of the final product. After hydrolysis the whey is evapora- 
ted. A syrup with a dry solids content of 70 — 75% is then obtained. 85% of 
the lactose in this syrup is hydrolysed and can be used as a sweetener in 
the baking industries and in the manufacture of ice-cream. 
During production the enzyme is inactivated by heat treatment or by pH 
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Fig. 15.16 Plant for enzymatic hydrolysis of lactose in whey. 


adjustment. It cannot be used again. Instead of using free enzymes, it is 
now possible to bind the enzyme to different types of water-soluble and 
non-water-soluble carriers. Such systems with immobilised enzymes can be 
used for continuous lactose hydrolysis. The enzyme, which is expensive, is 
not consumed and can be used to hydrolyse large amounts of product. 
This increases the profitability. The technique has not yet been developed to 
any great extent. 


Acid hydrolysis 

Lactose can also be split by means of acids in conjunction with heat treat- 
ment or by passing a cation exchanger in hydrogen form at high tempera- 
ture, around 100°C. The required degree of hydrolysis is determined by 
selection of pH, temperature and holding time. As brown discoloration oc- 
curs during hydrolysis of the whey, active carbon treatment is recommen- 
ded. 


Chemical reaction 


It has been established that non-protein nitrogen products can be used as 
partial replacement for natural protein in ruminants because certain mic- 
robes in the cattle rumen can synthesize protein from urea and ammonia. 
However, in order to get a balanced feed of nitrogen and energy, urea and 
ammonia have to be transformed into more suitable forms, which slowely 
release nitrogen to the rumen for improved protein synthesis. 

Lactosyl urea and ammonium lactate are two such products based on 
whey. 


Lactosyl urea 
Briefly, the procedure for production is as follows: after separation the whey 
is concentrated up to 75% DM, typically in two steps. After addition of urea 
and edible sulphuric acid the whey concentrate is held at 70°C for 20 hours 
in a jacketed tank provided with agitator. Under these conditions the urea 
reacts with the lactose to form lactosyl urea. 

Following the reaction period the product is cooled and transported to a 
factory producing concentrated feed (pellets for instance) or direct to farm- 
ers. 


Ammonium lactate 

The process technique involves fermentation of the lactose in whey into 
lactic acid and maintaining the pH with ammonia, resulting in formation of 
ammonium lactate. After concentration to 61.5% DM the product is ready 
for use. 
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Chapter 16 


Condensed milk 


The method of preserving milk by sterilising evaporated milk in sealed 
containers was developed at the beginning of the 1880s. Earlier, in about 
1850, the method of preserving evaporated milk by the addition of sugar 
had been perfected by an American. The manufacture of condensed 
milk, using these two methods, has developed into a large-scale industry. 


A distinction is made between two different tyoes; unsweetened (evaporat- 
ed) and sweetened condensed milk. 

Unsweetened condensed milk (also called double concentrated milk) is a 
sterilised product, light in colour and with the appearance of cream. The 
product has a large market, for example in tropical countries, at sea and for 
the armed forces. It is used where fresh milk is not available. Unsweetened 
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condensed milk is also used as a substitute for breast milk. In this case 
vitamin D is added. It is also used for cooking, as coffee cream, etc. The 
product is made from whole milk, skimmilk or recombined milk with skim- 
milk powder, anhydrous milk fat (AMF) and water as typical ingredients (see 
also chapter 18, Recombined milk products). 


Outline of condensed milk 


The evaporated product, the unsweetened condensed milk, is 


normally packed in cans which are then sterilised in autoclaves 
if D 


eat ireatme 
lisation ofp 


Fig. 16.1 Process steps for unsweet- 
ened condensed milk. 


Fig. 16.2 Process steps for sweetened 
condensed milk. 


or horizontal sterilisers. Concentrates based on recombined milk 
can be either canned and sterilised in the cans or UHT-treated and 
packed in paperboard packages. 
Sweetened condensed milk is basically concentrated milk to which 
sugar has been added. The product is yellowish in colour and looks like 
mayonnaise. The high sugar concentration in sweetened condensed milk 
increases the osmotic pressure to such a level that most of the micro- 
organisms are destroyed. The sugar concentration in the water phase must 
not be less than 62.5% or more than 64.5%. At the latter level the sugar 
solution reaches its saturation point and some sugar 

e. will then crystallise, forming a sediment. Sweetened 
al condensed milk can be made from whole milk or skim- 

milk, or from recombined milk based on skimmilk pow- 
der, anhydrous milk fat (AMF) and water. 

Sweetened condensed whole milk contains 8% fat, 
45% sugar, 20% solids-non-fat and 27% water. It is packed in barrels for 
large-scale industrial use (in ice-cream and chocolate factories), in cans for 
retail sale in tropical climates, and lately also in aseptic paperboard packa- 
ges. 

The manufacturing processes for the two products are shown as block 
diagrams in figures 16.1 and 16.2. The first stage in both cases comprises 
precision standardisation of the milk fat content and the dry matter content. 
This is followed by heat treatment, which serves partly to destroy the micro- 
organisms in the milk and partly to stabilise the milk so that it will not co- 
agulate in the subsequent sterilisation process. Raw material requirements 
and the initial treatment are identical for both products. After that the pro- 
cesses differ slightly. 

In the manufacture of unsweetened condensed milk the heat-treated 

milk is pumped to an evaporator, where it is concentrated. 
The milk is then homogenised before cooling. Checks are 
carried out on the coagulation stability of the milk before it 
is packed and a stabiliser, usually disodium or trisodium 
phosphate, is added if necessary. The product is then 
packed in cans which are placed in an autoclave for sterilisa- 
tion. The cans are cooled before being placed in storage. 

In the manufacture of sweetened condensed milk the heat- 
treated milk is pumped to the evaporator, where it is con- 
centrated. Sugar in solution is usually added to the concen- 

trate during evaporation, but the sugar can also be added 
dry, in the correct proportion calculated on dry substance, 

before evaporation. After concentration the product is cooled in 
such a way that the lactose forms very small crystals in the su- 
persaturated solution. These crystals must be so small, less than 10 um, 
that they cannot be detected by the tongue. After cooling and crystallisation 
the sweetened condensed milk is canned and stored. 


stabiliser 


Raw material for condensed milk 


The quality of the raw material for condensed milk is basically the same as 
that used in the manufacture of ordinary milk products. There are two other 
important considerations for the manufacture of condensed milk: 
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e The number of spores and heat resistant bacteria in milk 
e The ability of the milk to tolerate intensive heat treatment without 
coagulating (protein stability). 


Bacteriological quality of the raw material 

Evaporation takes place under vacuum at a temperature which should not 
exceed 65 — 70°C. At temperatures below 65°C spores and heat-resistant 
bacteria will have ideal growth conditions, which could result in the entire 
process being spoiled. Precise control of the bacteria in the process is thus 
an essential requirement in the manufacture of condensed milk. 


Thermal stability of the raw material 

The ability of milk to withstand intensive heat treatment depends to a great 
extent on its acidity, which should be low, and on the salt balance in the 
milk. The latter is affected by seasonal variations, the nature of the fodder 
and the stage of lactation. It is possible to improve the ability of the milk to 
withstand the required level of heat treatment. 


Pretreatment 


Pretreatment is essentially the same for both unsweetened and sweetened 
condensed milk; it includes standardisation of fat content and solids-non-fat 
as well as heat treatment. 


Standardisation 

Condensed milk is marketed with a stipulated content of fat and dry solids. 
The figures vary with the applicable standard, but are normally 8% fat and 
18% solids-non-fat. The ratio of fat to solids-non-fat is consequently 8:18 or 
1:2.25. The stipulated percentages are minimum values which must be 
maintained, but for reasons of economy they should not be exceeded by 
more than a reasonable margin. Operating levels can be set accordingly, for 
example 8.05% fat and 18.10% solids-non-fat. 

Modern automatic standardisation systems permit continuous and ex- 
tremely accurate standardisation of both fat content and the relation be- 
tween fat content and solids-non-fat of the basic milk. More information on 
standardisation will be found in chapter 6.2, Centrifugal machines and milk 
fat standardisation systems. 


Heat treatment 

Before being sterilised the standardised milk undergoes intensive heat treat- 
ment to destroy micro-organisms and to improve its coagulation stability. 
The heat treatment, often integrated in the evaporation plant, takes place in 
a shell-and-tube or plate heat exchanger at a temperature of 100 - 120°C 
for 1 — 3 minutes, followed by chilling to about 70°C before the milk enters 
the evaporator. 

During heat treatment a great part of the whey proteins is denatured, 
while calcium salts are precipitated. In this way the protein complex of the 
milk is stabilised so that it can withstand subsequent sterilisation without 
coagulation taking place during storage. 

The nature of the heat treatment will largely determine the viscosity of the 
end product, and is thus extremely important to the quality of the product. 


Unsweetened condensed milk 


Figure 16.3 shows the various stages in the manufacture of unsweetened 
condensed milk. The raw material is fresh milk. 


Evaporation 

The evaporator is usually of the multistage falling-film type. The milk passes 
through steam-heated tubes under vacuum. Boiling takes place at between 
65 and 70°C. The dry matter content of the milk increases as the water is 
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Fig. 16.3 Process line for unsweetened condensed milk. 


boiled off. The density is checked continuously. The concentration of dry 
solids is correct when the density has reached a value of about 1.07. At this 
stage, 1 kg of unsweetened condensed milk with 8% fat and 18% solids- 
non-fat will have been produced from 2.1 kg of raw milk of a fat content of 
3.8 % and a solids-non-fat content of 8.55 %. 


Homogenisation 

The concentrated milk is pumped from the evaporator to a homogeniser, 
which operates at a pressure of 12.5 — 25 MPa (125 — 250 bar). Homogeni- 
sation disperses the fat and prevents the fat globules from coalescing dur- 
ing subsequent sterilisation. Two-stage homogenisation is normally recom- 
mended. 

Homogenisation should not be too intensive, because that might impair 
the stability of the protein with the consequent risk of the milk coagulating 
during sterilisation. It is therefore necessary to find the exact homogenisa- 
tion pressure that is high enough to produce the required fat dispersion, yet 
low enough to eliminate the risk of coagulation. 


Cooling and sample sterilisation 

After homogenisation, the milk is cooled to about 14°C if it is to be packed 
immediately, or to between 5 and 8°C if it is to be held in storage to await 
sample sterilisation. A final check of the fat content and the solids-non-fat is 
usually made at this stage. 

As mentioned previously, the heat stability of the condensed milk can be 
improved by the addition of a stabiliser, usually disodium or trisodium phos- 
phate. The quantity of phosphate to be added is determined by sample 
sterilisation. 

Any addition of vitamins is also done at this stage. 


Canning 

Canning machines for condensed milk automatically fill and seal the cans 
before sterilisation. The canning temperature is selected to give the lowest 
possible froth formation. 


Sterilisation 

The filled and sealed cans pass from the filling machine to the autoclave, 
which operates either continuously or on the batch principle. In the batch 
autoclave the cans are first stacked in special crates, which are then 
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stacked inside the autoclave. In the continuous autoclave, the cans pass 
through on a conveyor belt at a precisely controlled speed (see also figures 
in chapter 9, Long life milk). 

In both types the cans are kept in motion during sterilisation to distribute 
the heat more quickly and more evenly through the cans. Any protein pre- 
cipitated during heat treatment is uniformly distributed throughout the milk. 
After a certain period of heating the milk reaches the sterilisation tempera- 
ture of 110 — 120°C. This temperature is maintained for 15 — 20 minutes, 
after which the milk is cooled to storage temperature. 

The heat treatment is intense. This results in a light brown coloration 
because of chemical reactions between the protein and the lactose (Maillard 
reaction or browning reaction). 


UHT treatment 

UHT treatment plants (described in chapter 9, Long life milk), can also be 
used for high heat treatment of condensed milk. In this case, following sam- 
ple sterilisation and addition of a stabiliser if required, the milk is pumped to 
the UHT plant, where it is heated to 140°C for about 3 seconds. After cool- 
ing, the milk is packed in aseptic paperboard packages and stored. 


Storage and inspection 

The cans and/or the aseptic paper board packages of condensed milk are 
labelled before being packed in cardboard cartons. Condensed milk can be 
stored for practically any length of time at a temperature of O - 15°C. The 
milk goes brownish if the storage temperature is too high, and protein will 
precipitate if the storage temperature is too low. 

Condensed milk should be light in colour and have the appearance of 
cream. Several sample cans should be taken from each production batch 
for inspection. These cans are incubated at three different temperatures: 
ambient temperature, 30°C and 38°C. The cans are examined after 10 - 14 
days to determine the quality of the batch. Condensed milk is tested for fat 
and solids-non-fat, viscosity and bacteria and spore counts, as well as for 
colour, odour and taste. A number of cans are kept for up to one year for 
complaint evaluation and similar purposes. 


Sweetened condensed milk ( SC M) Stages in the manufacture of 


sweetened condensed milk: 


Figure 16.4 shows a process line for sweetened condensed milk manufac- é 
tured from fresh milk. Before evaporation, the fat and solids-non-fat values 

of the milk have been standardised to predetermined levels in the same way k 
as for unsweetened condensed milk. The milk has also been heat-treated to fe 


destroy micro-organisms and enzymes which could cause problems and to 
stabilise the protein complex. Heat treatment is important to the develop- 

ment of product viscosity during storage, and is particularly important in the ` 
case of sweetened condensed milk. A gel can form if the heat treatment is 

too severe. The milk is usually heat-treated at 82°C for 10 minutes if a prod- 

uct with a relatively high viscosity is required. If a low-viscosity product is 

required, the temperature/time combination should be 116°0/30 sec. 

The addition of sugar is a key step in the manufacture of sweetened 
condensed milk. It is important that the correct proportion is added, as the 
shelf life of the milk depends on its osmotic pressure being sufficiently high. 
A sugar content of at least 62.5% in the aqueous phase is required to pro- 
duce an osmotic pressure high enough to inhibit the growth of bacteria. 

Two methods are used for addition of sugar: 

e Addition of dry sugar before heat treatment 

e Addition of sugar syrup in the evaporator. 

The stage at which the sugar is added affects the viscosity of the end prod- 
uct. One theory maintains that early addition of sugar can cause the prod- 
uct to become too viscous during storage. 


Dairy Processing Handbook/chapter 16 


Addition of sugar and 
evaporation 

Cooling to about 30°C 
Seeding and subsequent 
cooling to 15 — 18°C 
(crystallisation) 

Canning (or packing) and 
inspection 


AN|AaANKRWNM = 


Evaporation 
Homogenisation, if any 
Cooling 

Addition of lactose slurry 
Crystallisation tank 
Canning 

Paperboard packaging alternative 
Storage 


Fig. 16.4 Process line for sweetened condensed milk. 


Evaporation 
Evaporation of sweetened condensed milk is carried out in essentially the 
same way as for unsweetened. When sugar is added in the evaporator, the 
syrup is drawn into the evaporator and mixed with the milk at the half-way 
stage of the process. Evaporation then continues until the required dry 
matter content has been reached. The dry matter content is checked indi- 
rectly by determining the density of the concentrate. This should be about 
1.30 for sweetened whole milk and about 1.35 for sweetened skimmilk 
when the correct dry matter value has been attained. At this stage 1 kg of 
sweetened condensed milk with 8% fat, 45% sugar and 27% water will 
have been produced from 2.5 kg of 3.2% full-cream milk mixed with 0.44 
kg of sugar. 

Some manufacturers homogenise the concentrate at 5- 7.5 mPa (50 - 
75 bar) immediately after evaporation as a measure to regulate the viscosity 
of the end product. 


Cooling and crystallisation 

Sweetened condensed milk must be cooled after evaporation. This is the 
most critical and important stage in the whole process. The water in the 
condensed milk can only hold half the quantity of lactose in solution. The 
remaining half will therefore be precipitated in the form of crystals. If the 
surplus lactose is allowed to precipitate freely, the sugar crystals will be 
large and the product will be gritty and unsuitable for many applications. It is 
consequently preferable to control the crystallisation of lactose so that very 
small crystals are obtained. The largest crystal size permitted in first-grade 
milk is 10 um. These crystals will remain dispersed in the milk under normal 
storage temperatures, 15 - 25°C, and are not felt on the tongue. 

The required crystallisation is accomplished by cooling the mixture rapid- 
ly under vigorous agitation, without air being entrapped. Seed crystals, in 
the form of finely ground lactose crystals, are added at a rate of about 
0.05% of the total mix, either as powder or as a slurry, when the milk has 
cooled to crystallisation temperature (about 30°C). The mixture is cooled as 
quickly as possible to 15 — 18°C after continuous and vigorous agitation for 
about one hour. 

The viscosity of sweetened condensed milk is high, which means that a 
very robust agitator is needed in the crystallisation tank. 

The cooled condensed milk is pumped to a storage tank where it is kept 
until the following day to allow the crystallisation process to be completed. 
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Packing and inspection 

Sweetened condensed milk should be yellowish in colour and have the 
appearance of mayonnaise. Traditionally, it is packed in cans, which in this 
case must be cleaned and sterilised before filling as no sterilisation takes 
place after canning. 

Nowadays it is also possible to pack sweetened condensed milk in 
aseptic paperboard packages. 

The product is also packed in beech-wood barrels, holding about 300 
kg, for supply to large-scale users. 

A number of sample cans or paperboard packages should be kept by 
the manufacturers of sweetened condensed milk, and the condition of the 
product should be monitored for up to one year. In addition to the analyses 
which are performed on unsweetened condensed milk, a check must be 
made on crystal size. 
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Chapter 17 


Milk powder 


The method of preserving various foodstuffs by drying them, and thereby 
depriving micro-organisms of the water necessary for their growth, has 
been known for centuries. According to Marco Polo’s accounts of his 
travels in Asia, Mongolians produced milk powder by drying milk in the 
sun. 

Today milk powder is produced on a large scale in modern plants. 
Skimmilk powder has a maximum shelf life of about 3 years. Whole milk 
powder has a maximum shelf life of about 6 months. This is because the 
fat in the powder oxidises during storage, with a consequent gradual 
deterioration in taste. 
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Drying 


Drying means that the water in a liquid product — in this case milk — is re- 
moved, so that the product acquires a solid form. The water content of milk 
powder ranges between 2.5 and 5%, and no bacteria growth occurs at 
such a low water content. Drying extends the shelf life of the milk, simulta- 
neously reducing its weight and volume. This reduces the cost of transport- 
ing and storing the product. 

Freeze-drying has been used to produce high-quality powder. In this 
process the water is evaporated from the milk under vacuum. This method 
offers advantages from the quality aspect, as the protein fraction is not 
affected. The powder will always be affected to a greater or lesser extent if 
drying is carried out at a higher temperature. Freeze-drying is not however 
widely used, partly because of the high energy demand. 

Commercial methods of drying are based on heat being supplied to the 
product. The water is evaporated and removed as vapour. The residue is 
the dried product — the milk powder. Two principal methods are used for 
drying in the dairy industry: roller drying and spray drying. In spray drying, 
the milk is first concentrated by evaporation and then dried in a spray tower. 

During the first stage of drying the excess water, in free form between 
the particles of the dry solids, is evaporated. In the final stage the water in 
pores and capillaries of the solid particles is also evaporated. 

The first stage is relatively fast, whereas the last stage demands more 
energy and time. The product will be significantly affected by the heat if this 
drying is carried out in such a way that milk particles are in contact with the 
hot heat transfer surfaces — as in the case of roller drying. The powder may 
then contain charred particles which impair its quality. 


Various uses of milk powder 


Dried milk is used for many applications, such as: 

e recombination of milk 

e mixing into dough in the bakery industry to increase the volume of the 
bread and improve its water-binding capacity. The bread will then remain 
fresh for a longer period of time. 

mixing into pastry dough to make it crisper 

as a substitute for eggs in bread and pastries 

producing milk chocolate in the chocolate industry 

producing sausages and various types of ready-cooked meals in the 
food industry and catering trade 

e asa substitute for mother’s milk in baby foods 

production of ice-cream 

animal feed 


Table 17.1 
Extra grade skimmilk powder 
(ADMI* specification for skimmed milk powder) 


Property Spray dried Roller dried 
not exceeding not exceeding 
Milk fat content 1.25 % 1.25 % 
Moisture content 4.00 % 4.00 % 
Titratable acidity, l.a. 0.15 % 0.15 % 
Solubility index 125m 15.00 ml 
Bacterial estimate 50 000 per gram 50 000 per gram 
Scorched particles Disc B (15.0 mg) Disc C (22.5 mg) 


* ADMI = American Dry Milk Institute Inc. (This institution has also published 
“Standards For Grades of Dry Milks including Methods of Analysis”). 

** Except powders designated as “high-heat” (HH), for which the permitted 
maximum is 2.0 ml. 
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Skimmilk powder 
Skimmilk powder is by far the most common type of milk powder. 

Each field of application makes its own specific demands on milk pow- 
der. If the powder is to be mixed with water in recombined milk for con- 
sumption, it must be easily soluble and have the correct taste and nutritive 
value. Some degree of caramellisation of the lactose is beneficial in choco- 
late production. In the first case gentle drying of the product in a spray 
tower is essential, whereas in the second case the powder must be sub- 
jected to intense heat treatment in a roller dryer. Two types of powder are 
therefore distinguishable: 

1 roller dried powder 
2 spray dried powder 

Table 17.1 shows an example of the standards applicable to skimmilk 
powder. The solubility of spray powder is very good, whereas that of roller 
dried powder is appreciably poorer, on account of the intense heat treat- 
ment in roller drying. 

Depending on the intensity of the heat treatment, milk powder is classi- 
fied into categories related to the temperature/time combinations the skim- 
milk has been exposed to prior to evaporation and drying. 

Heat treatment denatures whey proteins, the percentage denaturated 
increasing with the intensity of heat treatment. The degree of denaturation is 
normally expressed by the Whey Protein Nitrogen Index (WPNI) as milli- 
grams of undenatured whey protein (u.w-p) per gram of powder. 

Information about various categories of spray dried skimmilk powder is 
summarised in Table 17.2. 


Table 17.2 
Categories of spray dried skimmilk powder. 


Category Temp/time WPNI 
mg/g u.w-p 

Extra low-heat <70°C = 

Low-heat (LH) powder 70°C/15 s > 6.0 

Medium-heat (MH) powder 85°C/20 s 5-6.0 

i 90°C/30 s 4-5.0 

i 95°C/30 s 3-4.0 

Medium high-heat (HH) 124°C/30 s 1.5- 2.0 

High-heat (HH) appr. 135°C/30 s <1.4 

High-heat high stable (HHHS) appr. 135°C/30 s <1.4 


(from selected milk) 
* Not measurable 


Table by Sanderson N.Z., J. Dairy Technology, 2, 35 (1967) 


Whole milk powder 

Spray dried whole milk powder is nomally produced from fat standardised 
milk. After standardisation the milk need not be homogenised provided that 
it is thoroughly agitated, without air inclusion, before evaporation and again 
between evaporation and spray drying. The concentrate is however hom- 
ogenised in certain cases for production of instant whole milk. 

Fat standardised milk for production of roller dried powder is normally 
homogenised. 

Whole milk powder, unlike skimmilk powder, is not categorised. Milk 
intended for whole milk powder is normally pasteurised at 80 - 85°C to 
inactivate most of the lipolytic enzymes that would otherwise degrade the 
milk fat during storage. 
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Instant-milk powder 

Special methods for the production of both skimmilk and whole milk pow- 
der with extremely good solubility - known as instant powder — are also 
available. This powder has a larger grain size, influenced by agglomeration, 
than normal spray powder and dissolves instantly even in cold water. 


Bulk density 


When powders are shipped over long distances it is important that they 
have a high bulk density to reduce the volume, since in most cases trans- 
portation costs are calculated by volume. A high bulk density also saves 
packaging material. However, in some instances the producers may be 
interested in low bulk density to supply optically larger amounts of powder 
than that of their competitors. Low bulk density, as influenced by agglomer- 
ation, is also an important characteristic of instant powders. 


Definition 
Bulk density is the weight of a unit volume of powder; in practice it is ex- 
pressed as g/ml, g/100 ml or g/l. 


Factors influencing bulk density 
The bulk density of milk powders is a very complex property; it is the result 
of several other properties and is influenced by a number of factors. The 
primary factors determining bulk density are: 
1 The particle density, given by : 

— powder material density 

— the content of the occluded air inside the particles 
2 The content of interstitial air, i.e. the air between the particles. 


Powder material density 

The powder material density is given by the composition of the powder. It 
depends on the contents and densities of the individual components, and 
can be calculated according formula: 


100 
%A %B %C 
D D D 


+ etc. + % moisture 


A B © 


% A, % B, % C are equivalent to the percentages of the 
components having densities D,, Dg, Do 


Occluded air content 
Milk powder normally contains between 10 and 30 ml of entrapped air per 
100 g of powder. There are many factors influencing the occluded air in 
powder particles. 

Some of these factors will just be touched upon below: 
e Incorporation of air into the feed. The concentrate is effectively deaerated 
by evaporation, but when it is transferred to the spray dryer it may pick 
up air from leaking pipelines, etc. 
e The system chosen for spraying the concentrate into the dryer. 
e The properties of the feed. The amount of air incorporated into the prod- 
uct depends not only on the intensities of whipping action before or during 
atomisation, but also on the properties of feed, i.e. the ability of the feed to 
form stable foam. This property is mainly influenced by the content and 
state of proteins and the possible presence of whipping inhibitors. Thus 
concentrates which contain fat are much less prone to foaming than skim- 
milk. The following factors influence the foaming properties of skimmilk in 
the drying process: 
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e Undenaturated whey proteins have a great tendency to foam; this can 
be reduced by heat treatment proportional to the degree of denaturation, 
see Table 17.2. 

e Concentrates with a low total solids content foam more than highly 
concentrated feeds. 

e Cold concentrates are more easily whipped than warm ones. 


Interstitial air 

The air content between the particles, the interstitial air, may amount to 
about 127 ml/100 g of powder. This is a very complex property which de- 
pends for example on the particle size distribution and the degree of ag- 
glomeration. 


Production of milk powder 


In the production of roller dried powder, the pre-treated milk is admitted to 
the roller dryer and the whole drying process takes place in one stage. 

In the production of spray dried powder, the milk is first evaporated un- 
der vacuum to a DM content of about 45 - 55%. Spray dried skimmilk 
powder is manufactured in two basic qualities: 

e ordinary product and 

e agglomerated product (instant milk powder) by various spray drying 
systems. 

Following both roller and spray drying, the powder is packed in cans, paper 

bags, laminated bags or plastic bags, depending on the quality and the 

requirements of the consumers. 


Raw material 


Very strict demands are made on the quality of the raw material for produc- 
tion of milk powder. Table 17.1 shows that the number of bacteria per gram 
of powder must not exceed 50 000, or even 30 000 in some countries. This 
corresponds to about 5 000 (or 3 000) bacteria per litre of reconstituted 


product, provided that no reinfection occurs. Since spray powder produc- Strict demands are made on 
tion involves vacuum evaporation, it is just as important as in the production the quality of the raw material 
of condensed milk to keep heat-resistant bacteria under control so that they for production of milk powder. 


will not multiply during evaporation. Bactofuge treatment or microfiltration is 
therefore also used in powder production to remove bacteria spores from 
the milk, thereby improving the bacteriological quality of the end product. 

Milk for powder production must not be subjected to excessive, intense 
heat treatment prior to delivery to the milk powder plant. Such heat treat- 
ment would cause the whey protein to coagulate, and the solubility, aroma 
and taste of the milk powder would be impaired. The milk is subjected to 
the peroxidase test or the whey protein test to determine whether the pre- 
ceding heat treatment was too intense. Both of these tests indicate whether 
or not the milk was previously pasteurised at a high temperature. 


General pre-treatment of the milk 


In the production of skimmilk powder the milk is clarified in conjunction with 
fat separation. This is also the case if the fat content is standardised in a 
direct standardisation system. Standardised milk used for producing whole 
milk powder is not normally homogenised unless it is to be roller dried. 

Skimmilk intended for powder production must be pasteurised at least to 
a negative phosphatase test. In the production of dried whole milk the heat 
treatment must be so intense that the lipases will also be inactivated. This 
normally involves high-temperature pasteursation to a negative peroxidase 
test. 
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Fig. 17.1 Principle of the trough-fed 
roller dryer. 
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Fig. 17.2 Principle of the spray-fed 
roller dryer. 
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Roller or drum drying 


In roller drying the milk is distributed on rotating, steam-heated drums. The 
water in the milk evaporates and is drawn off by a flow of air when it comes 
in contact with the hot drum surface. The high temperature of the heating 
surfaces converts the protein to a form which is not easily soluble and 
which discolours the product. 

Intense heat treatment increases the water-binding properties of the 
powder. This characteristic is useful in the prepared-food industry. 

The distinction between trough-fed and spray-fed roller dryers is based 
on the manner in which the milk is fed on to the drums. 

Figure 17.1 shows the principle of the trough-fed roller dryer. The pre- 
treated milk is admitted to a trough formed by the cast iron drums and their 
end walls. A thin layer of milk on the drums is heated quickly when it comes 
in contact with the hot surface. The water is evaporated and the layer of 
milk on the drum dries. This film is continuously scraped off by knives in 
contact with the periphery of each drum. 

The dried milk falls into a screw conveyor in which it is ground into flakes. 
The flakes are then transferred to a grinder, and hard and burned particles 
are separated on a screen at the same time. 

Depending on capacity, the double roller dryer is 1 - 6 m long and has a 
drum diameter of 0.6 - 3 m. The size depends on film thickness, tempera- 
ture, drum speed and the required DM content of the dried product. 

The thickness of the dry layer can be varied by adjusting the gap be- 
tween the drums. 

Figure 17.2 shows the principle of the spray-fed roller dryer. Nozzles 
above the drums spray a thin film of pre-treated milk on the hot surfaces of 
the drums. In this arrangement almost 90% of the heat transfer area is 
utilized, as opposed to less than 75% in the trough-fed dryer. 

The film thickness is determined by the supply pressure to the spray 
nozzles. The drying time can also be controlled by adjusting the tempera- 
ture and the speed of the drums. This provides some scope for controlling 
the characteristics of the powder. If the parameters are correct, the milk film 
should be almost dry when it is scraped off the drums. 

The dry film scraped off the drums is subjected to the same treatment as 
for the trough-fed dryer. 


Spray drying 
Spray drying is carried out in two phases. In the first phase the pre-treated 
milk is evaporated to a DM content of 45 — 55%. In the second phase the 
concentrate is pumped to a arying tower for final drying. This process takes 
place in three stages: 
e Dispersion of the concentrate into very fine droplets. 
e Mixing of the finely dispersed concentrate into a stream of hot air which 
quickly evaporates the water. 
e Separation of the dry milk particles from the drying air. 
Evaporation is a necessary production stage for high-quality powder. With- 
out prior concentration the powder particles will be very small and will have 
a high air content, poor wettability and a short shelf life. The process will 
then also be uneconomical. 
Falling-film evaporators are generally used for concentration, which is 
carried out in two or more stages to a DS content of 45 - 55%. The equip- 
ment is the same as that used in the production of condensed milk. 


Basic drying installations 
Single-stage drying 


The most simple installation for making ordinary powder is the spray dryer 
with a pneumatic conveying system, figure 17.3. 
This system works on the single-stage drying principle, which means 
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that all removal of moisture from the concentrate to the required final mois- 
ture content takes place in the spray drying chamber (1). The subsequent 
pneumatic conveying system serves only to collect the powder leaving the 
chamber cone together with the powder fraction separated from the ex- 
haust air in the main cyclone (6), to cool the powder and feed it via the final 
cyclone (7) to the bagging-off hopper. 


Two-stage drying 

In a two-stage drying system producing the same type of powder as the 
previously mentioned installation, the pneumatic conveying system is re- 
placed by a fluid bed dryer, the working principle of which is discussed 
below under the heading “Operating principle of spray drying”. 


Three-stage drying 
Three-stage drying is an extension of the two-stage concept developed to 
achieve even greater savings in plant operation costs. 


Operating principle of spray drying 
Single-stage drying 


Figure 17.3 shows the arrangement of a single-stage drying plant. The milk 
concentrate is fed to the drying chamber (1) by a high-pressure pump (4), 
and then continues to the atomiser (5). The very small milk droplets are 
sprayed into the mixing chamber, where they are mixed with hot air. 

Air is drawn in by a fan through a filter and supplied to a heater (2), 
where it is heated to 150 — 250°C. The hot air flows through a distributor to 
a mixing chamber. In the mixing chamber the atomised milk is mixed thor- 
oughly with the hot air and the water in the milk is evaporated. Most of the 
drying takes place as the droplets are decelerated by air friction following 
release from the atomiser at high velocity. The free water evaporates instan- 
taneously. The water in the capillaries and pores must first diffuse to the 
surfaces of the particles before it can be evaporated. This takes place as 
the powder slowly settles in the spray tower. The milk is only heated to 70 - 
80°C because the heat content of the air is continuously consumed by 
evaporation of water. 


Dairy Processing Handbook/chapter 17 


Fig. 17.3 Conventional spray dryer 
(one-stage drying) with conical base 
chamber. 
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Fig. 17.5 Stationary nozzles for atomis- 

ing the milk in a spray drying chamber. 

A Counterflow nozzle 

B Nozzle discharging in the direction of 
the air flow 


Fig. 17.6 Rotating disc for atomising 
milk in the spray drying chamber. 
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Loss of water from the droplets leads to a considerable reduction in 
weight, volume and diameter. Under ideal drying conditions, weight will 
decrease to about 50%, volume to about 40%, and the diameter to about 
75% of the droplet size produced by release from the atomiser, figure 17.4. 

During the drying process the milk powder settles in the drying chamber 
and is discharged at the bottom. It is conveyed pneumatically to the pack- 
ing section by cooling air which is drawn into the conveyor duct by a fan. 
After cooling, the mixture of cooling air and powder flows to the discharge 
unit (7), where the powder is separated from the air before being packed. 

Some small, light particles may be mixed with the air that leaves the 
drying chamber. This powder is separated in one or more cyclones (6, 7). 
After separation the powder is returned to the main stream of milk powder 
on the way to packing. The cleaned drying air is extracted from the plant by 
a fan. 


Milk atomising 

The more finely dispersed the milk droplets, the larger their specific area will 
be and the more effective the drying. One litre of milk has a surface area of 
about 0.05 m?. If this quantity of milk is atomised in the spray tower, each of 
the small droplets will have a surface area of 0.05 — 0.15 mm?. The total 
surface area of all the milk droplets from the original litre of milk will be about 
35 m?. Atomising thus increases the specific area about 700 times. 

The design of the atomising equipment depends on the particle size and 
the properties required of the dried product. These properties can be 
granularity, texture, solubility, density and wettability. Certain dryers have 
stationary nozzles, see figure 17.5. The arrangement in figure 17.5 A is used 
in low spray towers and is located so that the relatively large milk droplets 
will be discharged in counterflow in relation to the drying air. A stationary 
nozzle which discharges the milk in the same direction as the air flow is 
shown in figure 17.5 B. In this case the milk feed pressure determines the 
particle size. At high feed pressures (up to 30 MPa or 300 bar) the powder 
will be very fine and have a high density. At low pressures (20 - 5 MPa or 
200 - 50 bar) the particle sizes will be larger and there will be no dust-size 
particles. 

Figure 17.6 shows another very common type of atomiser, consisting of 
a rotating disc with passages from which the milk is ejected at high velocity. 
In this case the properties of the product are controlled by the speed of 
rotation of the disc. It can be varied between 5 000 and 25 000 r/min. 


Two-stage drying 

The last traces of moisture are the most difficult to remove, unless high 
outlet drying temperatures are used to provide a sufficient driving force. As 
elevated outlet drying temperatures can have a detrimental effect on pow- 
der quality, it is essential to operate at lower outlet temperatures with dairy 
products. If the moisture content of the resulting powder is still too high, an 
after-drying stage is incorporated after the spray dryer in a two-stage proc- 
ess as illustrated in figure 17.7. 

Two-stage drying methods for producing powdered milk product com- 
bine spray drying as the first stage and fluid bed drying as the second 
stage. 

The moisture content of the powder leaving the chamber is 2 — 3 per 
cent higher than the final moisture content. The function of the fluid bed 
dryer is to remove excess moisture and finally to cool the powder down. 

Drying of milk in two stages was originally developed to obtain agglomer- 
ated powders in straight-through processing, but in the early seventies was 
adopted for non-agglomerated powders so that the advantage of product 
quality improvement could be combined with the better process economy 
of two-stage processing. 

The powder from both single-stage and two-stage installations consists 
predominantly of single particles; it is dusty and difficult to reconstitute. 
There are however some slight differences. Two-stage dried powder is 
coarser due to bigger primary particles and the presence of some agglom- 


Dairy Processing Handbook/chapter 17 


erates. Consequently it is not so dusty and can be reconstituted more easi- 
ly. However, the biggest difference between these two powders is in the 
properties that are influenced by heat exposure during drying. 

The properties in question are the solubility index and the content of 
occluded air, both lower, and bulk density, which is higher. The droplet 
temperature just after atomisation is low, just slightly above the wet bulb 
temperature of the drying air. The particle temperature increases gradually 
with progressive water removal, finally achieving a temperature which is 
below the outlet air temperature — how much lower depends on the mois- 
ture content of the particles. 

The one-stage and two-stage drying systems are compared in table 
17.3. 


E fi 
mums Heating medium 
= Powder 


Fig. 17.7 Spray dryer with fluid bed 
attachment (two-stage drying). 

1 Indirect heater 

Drying chamber 

Vibrating fluid bed 

Heater for fluid bed air 

Ambient cooling air for fluid bed 
Dehumidified cooling air for fluid bed 
Sieve 
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Three-stage drying 

The three-stage dryer involves transfer of the second drying stage into the 
base of the spray drying chamber and having the final drying and cooling 
conducted in the third stage located outside the drying chamber. 

There are two main types of three-stage dryers: 

1 Spray dryers with integrated fluid bed 
2 Spray dryers with integrated belt 

The principle of the second type, spray dryers with integrated bed, will 
be touched upon below. 

The Filtermat type of dryer is shown in figure 17.8. It consists of a main 
drying chamber (3) and three smaller chambers for crystallisation (when 
required, e.g. for production of whey powder), final drying and cooling (8,9, 
10). 

The product is atomised by nozzles located in the top of the main cham- 
ber of the dryer. The feed is conveyed to the nozzles by a high pressure 
pump. Atomisation pressure is up to 200 bar. Most of the drying air is sup- 
plied to the drying chamber around the individual nozzles at temperatures 
up to 280°C. 

Primary drying of the droplets takes place as they fall from the nozzles (2) 
to the moving belt (7) located at the base of the chamber. The powder is 
deposited on the belt in an agglomerated porous layer. 

The second drying stage takes place as drying air is sucked through the 


Dairy Processing Handbook/chapter 17 369 


Table 17.3 
Comparison of one-stage and two-stage drying systems. 


Drying system One-stage Two-stage 
Inlet temp. Inlet temp. Inlet temp. 
200°C 200°C 230°C 
Spray dryer (First stage) 
Evaporation in chamber, kg/h 1 150 1 400 1 720 
Powder from chamber: 
6 % moisture, kg/h = 1 460 1 790 
3.5% moisture, kg/h 1 140 - -= 
Energy consumption, 
spray drying total, Mcal 1818 1 823 2 120 
Energy/kg powder, kcal 1595 1 250 1 184 
Fluid Bed (Second Stage) 
Drying air, kg/h = 3 430 4 290 
Inlet air temperature, °C - 100 100 
Fig. 17.8 Spray dryer with integrated Evaporation in fluid bed, kg/h Z 40 45 
belt, Filtermat (three-stage drying). Powder from fluid bed 
1 High pressure feed pump 3.5 % moisture, kg/h = 1 420 1 745 
2 Nozzle arrangement Energy consumption, kW - 20 22 
3 Primary drying chamber Energy consumption, 
4 Air filters total in fluid bed, Mcal - 95 Ts 
5  Heater/cooler 
6 Air distributor Total plant 
7 Belt assembly Energy consump. total, Mcal 1818 1918 2299 
8 Retention chamber Energy/kg powder total, kcal 11595 1 350 1 280 
9 Final drying chamber Energy relation 100 85 80 
10 Cooling chamber d f : Pier : 
11 Powder discharge Basis: Same drying chamber size with inlet air flow = 31,500 kg/h. 
12 Cyclone arrangement Product: skimmilk, 48% solids in concentrate. 
13 Fans Source: Evaporation, Membrane Filtration, Spray Drying - North European Dairy Journal, 1985 Copenhagen, Denmark. 


ISBN No. 87-7477-000-4. 


14 Fines recovery system 
15 Sifting system 
16 Heat recovery system 


Ea 


15 Ep 


E Concentrated milk 
Milk powder 
Heating air 
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powder layer. The moisture content of the powder falling on the belt (7) is 
12 —- 20 % depending upon the type of product. This second drying stage 
on the belt reduces the moisture content to 8-10 %. The moisture content 
is very important to achieving the exact degree of agglomeration of the 
product and porosity of the powder layer. The third and last drying stage for 
skimmilk and whole milk concentrates takes place in two chambers (8, 9), 
where hot air at an inlet temperature of up to 130°C is sucked through the 
powder layer and the belt in the same way as in the main chamber. The 
powder is cooled in a final chamber (10). Chamber (8) is used in cases 
where crystallisation of lactose is required (whey powder). In this case air is 
not conveyed to the chamber, so the moisture content remains at a higher 
level, up to 10 %. The third drying stage takes place in chamber (9), and 
cooling air is supplied to chamber (10). 

Only a small amount of powder leaves the plant together with the drying 
and cooling air as fines. This powder is separated from the air in a cyclone 
battery (12). The powder is recirculated, either to the main chamber or to a 
point in the process appropriate to the type of product and the agglomera- 
tion required. 

After leaving the dryer the powder agglomerates are broken down to the 
required size in a sifter (15) or milled, depending on the type of product. 


Production of instant powder 

Milk powder which will dissolve quickly in water must be instantised, i.e. the 
milk particles must be treated so that they form larger, porous agglomer- 
ates. To obtain the correct porosity the milk particles must first be dried so 
that most of the water in the capillaries and pores is replaced by air. The 
particles must then be humidified, so that the surfaces of the particles swell 
quickly, closing the capillaries. The surfaces of the particles will then be- 
come sticky and the particles will adhere to form agglomerates. 

l One method of producing instantised powder is to recirculate the dry Fig. 17.9 Rotating disc designed for 
milk particles back to the mixing chamber containing drying air and atom- production of instantised powder. 
ised milk particles, figure 17.9. As soon as the dry particles are admitted to 
the chamber, their surfaces are humidified by the evaporated water and the 
particles swell. The capillaries and pores close and the particles become 
sticky. Other milk particles adhere to the surface and agglomerates are 
formed. 


Fluid-bed drying 
More efficient instantisation can be obtained with a fluid bed of the type 
shown in figure 17.10. The fluid bed is connected to the bottom of the 
drying chamber and consists of a casing with a perforated bottom. The 
casing is spring mounted and can be vibrated by a motor. When a layer of 
powder is distributed on the perforated bottom, the vibrations convey the 
powder at uniform speed along the length of the casing. 

The powder from the drying chamber is admitted to the first section, 


z 


Fig. 17.10 Fluid bed 
for instantising milk 
powder. 
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Fig. 17.11 Heat recovery from effluent 
air in a spray drying plant. 

Fan for fresh air 

Glass pipe heat exchanger 
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Spray tower 
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where it is humidified by steam. The vibrations convey the powder through 
the drying sections, where air at a gradually decreasing temperature is ad- 
mitted through the powder bed. Agglomeration takes place in the first stage 
of drying when the particles adhere to each other. Water is evaporated from 
the agglomerates during their passage through the drying sections. They 
will have attained the required dryness when they have passed through the 
fluid-bed casing. 

Any larger particles at the outlet of the dry bed are screened and recircu- 
lated to the inlet. The screened and instantised particles are conveyed by 
the cooling air to a battery of cyclones, where they are separated from the 
air and packaged. 

The drying air from the fluid bed, together with the air from the spray 
tower, is then blown to the cyclone for recovery of milk particles. 


Heat recovery 


A large amount of heat is lost in the drying process. Some can be recov- 
ered in heat exchangers, but the drying air contains dust and vapour and 
therefore requires specially designed exchangers. 

In several cases a special type of heat exchanger with glass pipes is 
used, see figure 17.11. The smooth glass surface prevents fouling to a 
great extent. A CIP system is included in the plant. 

The warm air is introduced from the bottom and forced through the glass 
pipes. The fresh air to be heated flows on the outside of the pipes. With this 
method of heat recovery the efficiency of the spray drying plant can be 
increased by 25 — 30%. 

A further possibility is to recover the heat in the condensate from the 
evaporation plant. The plant operates in parallel with the spray drying plant, 
and such a solution is therefore feasible with savings of 5—8% of the drying 
costs. 


Packing milk powder 


The types and sizes of packages vary widely from one country to another. 
The powder is often packed in laminated powder bags with an inner bag of 
polyethylene. The polyethylene bag is often welded, and this package is 
practically as airtight as sheet-metal drums. The most common bag sizes 
are 25 and 15 kg, although other sizes are also used as it is very easy to 
vary the weight of the powder in the bags to meet specific customer re- 
quirements. Milk powder for households and similar small-scale consumers 
is packed in tin cans, laminated bags or plastic bags which, in turn, are 
packed in cartons. 
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Changes in milk powder during storage 

The fat in whole milk powder oxidises during storage. On an industrial scale 
the shelf life can be extended by special pretreatment of the milk, by the 
addition of anti-oxidants and, in the case of sheet-metal drums, by filling 
under inert gas. 

Milk powder should be stored under cool conditions and protected 
against contact with water during storage. All chemical reactions in milk 
powder, at room temperature and with a low water content, take place so 
slowly that the nutritive value is not affected even after years of storage. 


Dissolving milk powder 


One part of ordinary spray-dried powder is mixed with about ten parts of 
water at a temperature of 30 — 50°C. The dissolving time is about 20 — 30 
minutes. Longer times are needed at lower temperatures. 8 — 12 hours are 
required if the powder is to be dissolved in cold water. 

If instantised powder is used, the required quantity of water is poured 
into a tank and the powder is then added. The powder dissolves after very 
brief stirring, even if the water is cold. The milk is then immediately ready for 
drinking. 

The water quality is very important at dissolving. It must be borne in mind 
that at drying including the first concentration phase (evaporation), the milk 
has been rid of pure (distilled) water. More about the water quality in chapter 
18, Recombined milk products. 
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Chapter I 


Recombined milk products 


Milk is a perishable commodity, and therefore scarce in many countries 
with little or no dairy production of their own. Fresh milk has a very limit- 
ed shelf life and is easily spoiled by bacteria enzymes and exposure to 
direct sunlight. Distribution is especially difficult in tropical climates and 
in regions where the distance between producer and consumer is great. 
In such places fresh milk is replaced by more durable forms of milk, such 
as condensed or UHT-sterilised milk. 


Recombination is an alternative method of supplying a product that closely 


resembles fresh dairy milk to markets where the genuine article is not availa- 
ble. The manufacture of recombined milk and milk products has been well 
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established in many countries around the world, and a variety of processes 
and equipment have been developed for this purpose. 

The principles of the processes are much the same. The initial applica- 
tions were fluid milk, but this was followed by production of recombined 
evaporated milk and sweetened condensed milk. Today recombination also 
includes yoghurt, butter and cheese. 

The processes have been developed over the years from simple batch 
operations to sophisticated systems with high capacities. 

The main processes in the basic reconstitution and recombining opera- 
tions are : 

e Raw material handling 
e Weighing and mixing 
e Filtration, homogenisation and pasteurisation 


Definitions 


The following definitions are given as a guide to clarify certain expressions 
used in the industry. 

Reconstituted milk is the liquid milk obtained by adding water to skimmilk 
powder (SMP) or whole milk powder (WMP). 

Recombined milk is the liquid milk obtained by adding water to SMP and 
adding milk fat separately in such a quantity that the desired fat content is 
achieved. 

Reconstituted milk products are the products resulting from addition of 
water to the dried or condensed form of product in the amounts necessary 
to re-establish the specified water/solids ratio. 

Recombined milk products are manufactured by mixing milk fat and milk 
solids-non-fat (MSNF), with or without water. This combination must be 
made so as to re-establish the specified fat to MSNF ratio and dry matter 
(DM) to water ratio. 

Recombined, modified milk and milk products are products made from 
dairy-product ingredients with compositions other than normal dairy prod- 
ucts, e.g. flavoured products, butter from fractionated fat, or dietary evapo- 
rated or condensed milk. 

Filled milks and milk products are “semi-dairy” products in which the milk 
fat is replaced by vegetable oils, e.g. liquid milk, evaporated milk, con- 
densed milk or cheese. Alternative terms could be “imitation” or “substi- 
tute”. 

Fortified milk is made from fresh milk, reconstituted milk or recombined 
milk with the addition of one or more ingredients of dairy products. 

Toned milk is fresh milk mixed with reconstituted or recombined skimmilk 
in order to prepare normal composition milk or modified milk from high-fat 
milk by adjusting the MSNF. 

Anhydrous milk fat (AMF) is a pure fat product obtained from fresh milk, 
cream or butter to which no neutralizing substances have been added. 

Anhydrous butter oil is an all-fat product made from cream or butter of 
unspecified age. 

Butter oil is a product made from cream or butter of unspecified age 
which may have a lower fat content. 

Vegetable oils are refined, bleached, deodorised oils, preferably coconut, 
palm and soybean oils. 


Raw material handling 
Milk powder 


Non-fat solids for recombined milk are usually supplied in the form of skim- 
milk powder. This is made by skimming the fat from the whole milk in cen- 
trifugal separators and then removing the water from the skimmilk by evap- 
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oration and drying. The powder can be stored for months, or even years, 
without being spoiled, and dissolves easily in water to form reconstituted 
skimmilk. 

The most commonly used method of classifying skimmilk powder (SMP) 
is to refer to the processing technique, and consequently the heat treatment 
to which the skimmilk has been exposed prior to evaporation and spray 
drying. 

During the heat treatment of milk the whey proteins are denatured to 
different degrees, depending on the temperature/time relationship. The 
degree of denaturation can be classified according to the Whey Protein 
Nitrogen Index (WPNI), which was discussed in chapter 17. 


Table 18.1 
Skimmilk powders for reconstituted and recombined products 


Typical powder qualities 


Type and Extra low heat Low heat Medium heat Medium high heat High heat 
Characteristics Extra LH LH MH MHH HH 
<70°C/15s 70°C/15s 85-90°C/20-30s 96-124°C/30s ~135°C/30s 
WPN index, mg/g = > 6.0 59=45 44-1.5 < 1.4 
Heat number = < 80.0 80.1 - 83 838.1 = S10) > 88.1 


Recombined product 
Hard cheese 


Semi-hard cheese 


White/Feta cheese 
Fresh cheese 
Pasteurised milk 

UHT milk 

Sterilised milk 

Sweet condensed milk 


High heat 
HHHS* 
=135°C/30s 


<A 
>88.1 


Cultured milks 
Standard ice cream 


* High heat high stable powder from specially selected milk 


The different recombined milk products usually require skimmilk powder 
of various types of heat classification, see table 18. 1 

Milk powder is typically supplied in 25 kg plastic lined laminated bags. 

In smaller plants the powder is often emptied by hand direct from the 
bags into the mixing system, but in the larger plants the bags are emptied 
automatically. Even more sophisticated is the use of silo tanks to which the 
powder from the emptied bags is transferred pneumatically. 

There are also rational methods for transporting milk powder to recom- 
bining plants in bulk bins containing 200 — 1000 kg. The size of the contain- 
ers is limited by the handling facilities in the locality receiving the powder. 


Fats and oils 
Unsalted butter can be used in the manufacture of recombined milk prod- 
ucts, but it must be kept under refrigerated storage. 

The most common source of milk fat for recombination is anhydrous milk 
fat (AMF), which does not require such storage. It is typically packed in 
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19.5 kg cans or 196 kg drums. Provided that care is taken in the manufac- 
ture of the product, and that air is excluded by packing the product under 
inert gas (nitrogen), AMF will keep for 6 - 12 months even at elevated ambi- 
ent temperatures of 30 — 40°C. 

Milk fat packed in cans can be melted by immersion in hot water at 80°C 
for 2-3 hours. Drums of AMF, however, require longer melting times; The 
normal method is to store the drums in a hot room at 45 — 50°C for 24 - 28 
hours before use, or to use a steam chest or tunnel which can melt the 
contents of the drums in about 2 hours. Once melted, the AMF should be 
transferred to a jacketed holding tank with facilities for maintaining the tem- 
perature. 

Similar handling systems can also be employed when non-liquid vegeta- 
ble oils are used in production of recombined “filled “ milk products. 


Water 


Water is one of the raw materials of all tyoes of reconstituted and recom- 
bined milk products. It must be of good drinking quality, free from harmful 
micro-organisms and of acceptably low hardness expressed as calcium 
carbonate (CaCO,), i.e. <100 mg/l, corresponding to about 5°dH. As only 
“distilled” water is removed in the production of milk powder, the water used 
for reconstitution or recombination must also be pure; an excessive mineral 
content will jeopardise the salt balance of the reconstituted or recombined 
product, which in turn will cause problems in pasteurisation, not to mention 
sterilisation or UHT treatment. 

Too much copper or iron in the water may cause off-flavours due to 
oxidation of fat. The maximum levels recommended are therefore: 
e Cu (copper) 0.05 mg/l 


e Fe (iron) 0.1 mg/l 
See also chapter 6.11, table 6.11.1 regarding specifications for water. 
Additives 


Dry additives such as sugar, stabilisers and emulsifiers can be handled in 
the same way as the milk powder, i. e. they are dumped from the bags 
either directly into the mixing vessel or into the mixing system. 


Dissolving of milk powder 


Factors affecting the dissolving of milk powder are: 

e wettability 

e ability to sink 

e dispersability 

e solubility 

Analytical methods for these properties are given in: 

e Standards for Grades of Dry Milk, Including Methods of Analysis, 
American Dry Milk Institute, Inc., USA 

e Evaporation, Membrane Filtration and Spray Drying in Milk Powder and 
Cheese Production, North European Dairy Journal, Denmark. 


Wettability 


The degree of wettability is very much a function of the particle volume, and 
especially of the capillarity. 

Agglomerated powders have improved capillarity, resulting in increased 
wettability. Increased particle size (130 — 150 um) also results in improved 
wettability. Good wettability is less than 30 seconds. 


Ability to sink 
The ability to sink is a function of specific volume and particle size. Agglom- 
erated powders normally have the best ability to sink. 


Dispersablility 


Good dispersability is obtained when powders added to the water are dis- 
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tributed as single particles, leaving no lumps. The structure of the powder 
particles, as well as the configuration of the protein molecules, is of impor- 
tance. A powder with a high content of denatured proteins is very difficult to 
disperse. A dispersability of at least 90% is normal for milk powders for 
recombination. 


Solubility 


This property describes how well the powders dissolve and form a stable 
suspension. How good the solubility is depends very much on the technolo- 
gy used for production of the powder. 

A good solubility index should be as low as 0.25 ml undissolved sedi- 
ment in 50 ml recombined milk. 


Recombination temperature and 
hydration time 


The wettability of the powder increases when the water temperature in- 
creases from 10 to 50°C. There is no increase between 50 and 100°C, 
possibly the opposite. Low-heat powder is easier to dissolve than high-heat 
powder. It is important that the proteins obtain their normal state of hydra- 
tion, which takes less than 20 minutes at 40 - 50°C. 

As a rule fresh, high-quality powder requires the shortest hydration time. 
Insufficient hydration time may lead to a “chalky” defect in the final product. 
Recombined milk for cheese manufacture should be given two hours’ hy- 
dration time. 

It is possible to reconstitute at 10°C and then store the milk at this tem- 
perature overnight to obtain maximum hydration. However, more powder 
particles remain undissolved at a mixing temperature of 10 — 20°C com- 
pared to 35 — 45°C, even if the mix is kept for 24 hours. In milk with 8% dry 
solids the difference is very small. The proportion of undissolved powder in 
milk that is heated to at least 40°C after reconstitution is very small, even in 
a mix with 26% dry solids. 

The air content of reconstituted milk increases at lower mixing tempera- 
tures. 

The fat must be added at a temperature above its melting point. To as- 
sure this, AMF must be added at above 40°C. The recombined milk should 
not be kept at the high mixing temperature for more than two hours be- 
cause of bacteria growth. 


Fat addition and emulsification 

The fat should not be added to the reconstituted milk until the hydration 
period is complete. Addition of fat at the same time as or before the addi- 
tion of milk powder should be avoided, as this can lead to processing prob- 
lems and impaired product quality. 

An emulsifier is often added to facilitate and improve the emulsification of 
milk fat. 

When fat is added to the milk in a mixing tank it must be very thoroughly 
agitated, often with a high-shear agitator, to ensure that the composition of 
the product is uniform when it is pumped to the pasteuriser. Even when a 
homogeniser is integrated in the system, it is important that the fat in the 
feed is uniformly distributed. 

Recombined cream can be made from skimmilk powder or buttermilk 
powder and anhydrous fat to a fat content of about 40%. The stability is 
improved by addition of emulsifiers and stabilisers. 

During continuous operation the melted fat is normally metered into the 
line followed by thorough mixing in a static or a mechanically operated 
mixer before entering the homogeniser. 


Air content 

Skimmilk powder normally contains a total of about 40% air by volume, 
consisting of occluded and interstitial air. The mixing equipment may also 
cause air addition if not properly maintained. 


Dairy Processing Handbook/chapter 18 


The air content of reconstituted 


milk increases at lower mixing 
temperatures. 


379 


Fig. 18.1 Equipment for handling pow- 
der in sacks. 

1 Dust collecting unit 

2 Sifter 

3 Sack elevator 


Fig. 18.2 Tilting rack for 
powder container. 
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Fig. 18.3 Equipment for bulk powder 
handling in large plants. 
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Tests indicate that the air content in reconstituted skimmilk, dissolved at 
50°C and with 14 to 18% dry solids, is the same as in normal skimmilk. At a 
mixing temperature of 30°C the air content is 50 — 60% higher even after a 
holding time of one hour. With 41% dry solids, the air content of the mix 
was 10 times higher than in normal skimmilk. 

Too much air in the recombined milk has the following disadvantages: 
foaming 

burning-on in the pasteuriser 

cavitation in the homogeniser 

whey formation in cultured-milk products 

increased risk of oxidation of fat 

As recombination is accompanied by foaming, the volume of the mixing 
tank(s) should be about 20 % larger than the volume of the batch, to avoid 
foam forcing its way out of the manhole. 


Powder handling 

Proportioning of skimmilk powder is based on the simple rule that the 
weight of the powder is one tenth of the weight of milk produced. For small 
plants, manual emptying of a calculated number of sacks of a given weight 
into the mixing tank is the easiest and most practical solution, but produc- 
tion can be mechanised for higher capacities. 

Milk powder handling creates a lot of dust. Large-scale sack emptying 
therefore requires special equipment, including a dust collecting unit, figure 
18.1. 

Powder can also be supplied in containers. In this case suitable equip- 
ment comprises a variable-speed screw feeder, which takes powder from 
the bottom of the container and discharges it into the mixing funnel. The 
container can be lifted into position by a tilting rack, figure 18.2, or by a 
hoist. 

In highly mechanised plants the powder is supplied in bulk. It is stored in 
bulk silos and transferred pneumatically to a day bin, from which it is 
batched into the process via a weighing hopper and a screw feeder. The 
system in figure 18.3 also includes a unit for central dust collection. 


Design of recombination plants 


Recombination plants are built for capacities of up to 15 000 I/n. In larger 
plants, parallel lines are installed to meet higher capacity requirements. 

The sequence in a large plant is essentially the same as in a small one, 
except that it requires more tanks for storage and melting of fat, mixing, and 
buffer storage of the finished product. The degree of mechanisation may 
also differ as described above. 

In large plants it is necessary to use weighing tanks for fat dosage in 
order to achieve the necessary accuracy. In a smaller plant the weighing 
tank can often be replaced by a proportioning pump. 


Deaeration 
In small plants, where mixing of material in a processing tank is just enough, 
the product will be naturally and satisfactorily deaerated if a reconstitution 
temperature of approx. 40°C has been maintained and, when all powder 
has been dissolved, the resultant solution is allowed to stand for 20 minutes 
with the agitator switched off. 

The same procedure should also be applied in large-scale production. To 
maintain uninterrupted production, however, it is advisable to deaerate the 
product by vacuum treatment in connection with heat treatment. 


Heat treatment 

The design of the plant is influenced not only by its capacity, but also by the 

method of heat treatment of the recombined milk. Three alternative meth- 

ods are used: 

e Pasteurisation at a temperature of at least 72°C for 15 seconds followed 
immediately by cooling to 4°C. 
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e |n-container sterilisation of milk for 30 to 45 minutes at approx. 110°C 
followed by cooling to 38 to 54°C in the steriliser. 

e UHT treatment by direct or indirect heating to 132 — 149°C for a few 
seconds, followed by cooling to approx. 20°C prior to aseptic packing. 


Milk powder 
Water 

Fat 

Recombined milk 
Heating medium 
Cooling medium 


Plant with fat supply to mixing tanks 


Small-scale production 


In a small-scale operation, 1,000 — 2,000 |, mixing and 
processing are carried out in a jacketed mixing tank with a 
two-speed shearing agitator and with heating and cooling 
facilities. 

The plant is shown in figure 18.4. 

After a suitable volume of water has been measured into 
the tank and heated to 43 — 49°C, powder is added steadily 
and agitation applied until all the powder has dissolved. The 
resulting solution should be allowed to stand for 20 minutes 
with the agitator switched off. At the end of this time the 
agitator is restarted and milk fat, previously liquefied by being 
held in a warm room at 38 — 45°C overnight, is added and 
the temperature is then raised to 54 — 65°C. If processing is 
to be continued in the tank, the agitator is switched to high 
speed for some minutes to disperse the fat. The agitator is 
then switched to the stirring position, and the process con- 
cludes with pasteurisation followed by cooling to packing temper- 
ature. 


Lar g e-scal e p ri oducti on Fig. 18.4 Recombination plant for batch 
Figure 18.5 shows a large recombination plant for continuous operation, processing. 
where the fat is dosed into the mixing tanks. 1 Mixing tank with heating/cooling jacket 
Water of food quality is metered into one of the mixing tanks (7). On the 2 High-shear two-speed agitator 
way it is heated in a plate heat exchanger, as the skimmilk powder dissolves 3 Thermometer 
more easily in warm water than in cold. 4 Emptying pump 
5 Flow meter 


The circulation pump (5) is started when the tank is half full and water 
flows through a bypass line from the mixing tank to a high-speed blending 


system (4). Fig.18.5 Recombination plant 


with fat supply to mixing tanks. 
Tank for fat 
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Fig. 18.6 High-speed blender for mixing 
water and milk powder. 
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In the high-speed blender shown in figure 18.6, the dry ingredients are 
dispersed through a hopper at a rate of up to 45 kg per minute. A vacuum 
is created by an interplay between the circulation pump (5) and the booster 
pump (6) which causes the blender to draw the ingredients into the eye of 
the impeller. 

A diffuser tube keeps liquid and dry materials separated until they reach 
the eye of the impeller. A manually or remotely actuated butterfly valve seals 
the hopper intake as the last of the dry ingredients enters the blending 
chamber. 

The agitator in the mixing tank is started at the same time as the circula- 
tion pump. Water continues to flow into the tank while mixing is in progress 
until the specified quantity has been supplied. 

When all the powder has been added, the agitator and the circulation 
loop are stopped and the contents of the tank are left until the skimmilk 
powder has dissolved completely. At a water temperature of 35 — 45°C this 
will take about 20 minutes. At the end of this period the agitator is restarted. 
In the meantime the blender is connected to the next batch to be recom- 
bined. 

Anhydrous milk fat is now added from the fat storage tank (1). The quan- 
tity is measured in the weighing funnel (3). The agitator, specially designed 
for optimum fat dispersion, runs for several minutes and finely disperses the 
fat in the skimmilk. 

The piping for the warm fat fraction is normally insulated to prevent the 
temperature of the fat from falling below the melting point. 

When all the ingredients have been mixed in and added to one tank, the 
process is repeated in the next tank. 

The skimmilk/fat mixture is drawn from the full mixing tank by pump (8), 
which forwards the mixture through duplex filters (9) where any foreign ob- 
jects such as pieces of string or sacking are trapped. After being preheated 
in the heat exchanger (10) the product is pumped to the homogeniser (12), 
where the dispersion of fat globules is completed. 

During the powder-mixing operation the product may pick up large vol- 
umes of air, which can cause burning-on in the pasteuriser as well as ho- 
mogenisation problems. A vacuum deaerator vessel (11) can be installed in 
the line before the homogeniser to eliminate this. The product is preheated 
to 7 — 8°C above homogenisation temperature before being flashed in the 
deaerator, where the vacuum is adjusted so that the outgoing product has 
the correct homogenisation temperature, typically 65°C. 

The homogenised milk is pasteurised and chilled in the plate heat ex- 
changer (10) and is then pumped to the storage tanks (13) or direct to 
packaging. 


Plant with in-line fat mixing 


Large-scale production 

This type of plant is shown in figure 18.7. The reconstitution part of the 
process is the same as above, with simultaneous tank filling in rotation and 
skimmilk powder mixing in a bypass line. Powder supply may be manual or 
mechanised according to capacity and local requirements. 

When a mixing tank has been filled and the contents have been given 
time for complete hydration of the skimmilk powder, the reconstituted skim- 
milk is pumped through duplex filters (6) to a balance tank (7). This ensures 
a constant flow rate to the process. 

A centrifugal pump (8) feeds the skimmilk through a preheating section 
of the plate heat exchanger (9). In the line shown in figure 18.5 the fat was 
added in the mixing tanks. Fat suppresses foam, limiting the frothing 
caused by air pickup. In the present case, however, frothing is heavy, so it is 
advisable to install a vacuum deaerator vessel (10) in the line after the pre- 
heating section of the heat exchanger (9). The milk is preheated to about 
8°C above homogenisation temperature, after which flash deaeration takes 
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place as described earlier. The milk then flows through an in-line injector 
(13), where liquid fat from the fat-melting tank (11) is continuously metered 
into the flow by a positive displacement proportioning pump (12). Blending 
is completed in an in-line mixer (14) downstream of the injector. 

Immediately after mixing, the recombined milk continues to a high ca- 
pacity homogeniser (15), where the fat is broken down to fine, uniformly 
dispersed globules. The homogenised milk then returns to the heat ex- 
changer (9) for pasteurisation and chilling. The milk leaving the pasteuriser is 
ready for immediate packing. 


Milk handling 


It is necessary to consider the handling of the recombined milk in conjunc- 
tion with the planning of the plant. This ensures that the product reaches 
the consumer in good condition. 


Packing 


The milk should be packed as soon as possible after production. UHT- 
treated milk must flow in a closed aseptic system to the aseptic carton or 
can filling machine. 

Pasteurised milk can be packed in paper or plastic packs or glass bot- 
tles. If bottles are used, they should be of dark glass, which prevents the 
flavour of the milk from being spoiled by exposure to light. 

The package must always be airtight to protect the milk from oxidation. It 
should also be strong enough for stacking in crates or boxes. 


Storage 


Recombined milk normally flows direct from the production line to packing. 
A buffer tank may be needed to compensate for temporary stoppages in 
the production or packing lines. In the case of sterilised milk, this tank must 
be of aseptic design (figure 18.8), to avoid the risk of reinfection. 

Once sterile milk has been packed, it can be stored in any conditions 
provided that the packages are intact. Pasteurised milk must be kept in 
cold storage rooms. UHT treated and sterilised milk are to be preferred in 
markets where the refrigeration chain is absent or incomplete. 
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Fig. 18.7 Recombination plant with in- 
line fat mixing. 
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Distribution 


UHT treated and sterilised milk is much more tolerant of ambient tempera- 
ture and other conditions than pasteurised milk. The time factor is not so 
important. UHT treated milk can for example be transported on an ordinary 
lorry for long distances and exposed for sale in a shop with no refrigeration 
facilities where people come to buy perhaps once a week. Pasteurised milk, 
on the other hand, requires a refrigeration chain of insulated distribution 
vans, chilled counters in the shops, daily shopping and, preferably, home 
refrigerators. 


Fig. 18.8 An aseptic tank eleminates 
the risk of reinfection. 
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Chapter 1D 


ice cream 


It is uncertain how long ice cream has been produced, but it probably 
originates from China. From very old writings it has been learned that the 
Chinese liked a frozen product made by mixing fruit juices with snow, 
what we now call water ice. This technique later spread to ancient 
Greece and Rome, where the wealthy, in particular, were partial to frozen 
desserts. 

After disappearing for several centuries, ice creams in various forms 
reappeared in Italy in the Middle Ages, most probably as a result of Mar- 
co Polo returning to Italy in 1295 after a 16-17 year stay in China, where 
he had learned to appreciate a frozen dessert based on milk. From Italy 
ice cream spread over Europe during the seventeenth century, and long 
remained a luxury product for the royal courts. 
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Sales of ice cream to the general public in the United States started in 
the eighteenth century, but did not become widespread until the nineteeth 
century, when the first wholesale firm appeared on the market. 


Categories of ice cream 


Ice cream can be divided into four main categories according to the ingredi- 

ents used: 

e |ce cream made exclusively from milk products, 

e Icecream containing vegetable fat, 

e Sherbet ice cream made of fruit juice with added milk fat and milk 
solids-non-fat, 

e Water ice made of water, sugar and fruit concentrate. 

The first two types of ice cream account for an estimated 80 - 90% of the 

total world production. The following description is therefore confined to 

these two types. Typical ice cream formulas are shown in table 19.1. 


Table 19.1 
Typical ice cream formulas 


Type of Fat MSNF Sugar E/S Water Overrun 
ice cream % wt %wt %wt Awt %wt % vol 
Dessert ice 1S 10 15 0S 68.7 110 
Ice cream 10 11 14 0.4 64.6 100 
Milk ice 4 12 12 0.6 70.4 85 
Sherbet 2 4 22 04 71.6 50 
Water ice (0) (0) 22 O2 fis (0) 
Fat: Milk, cream, butter or vegetable fat 
Water: May include flavouring or colouring matter 
MSNF: Milk solids-non-fat (protein, salts, lactose) 
Sugar: Liquid or solid sucrose (10% of sugar may be 
glucose or non-sugar sweetener) 
E/S: Emulsifier and stabiliser, e.g. monoglycerides, 
gelatin, alginate 
Overrun: Amount of air in product 


Other ingredients:Egg, fruit and chocolate pieces may be added 
during processing. 


The ice cream process 


The ice cream process consists of the basic steps shown in figure 19.1. 


Reception and storage of 
raw materials 


Raw materials are stored in tanks, silos, drums or bags depending on their 
physical form. Arrangements for reception depend on the capacity of the 
plant. 

Dry products used in comparatively small quantities, such as whey pow- 
der, stabilisers and emulsifiers, cocoa powder, etc., are usually delivered in 
bags. Sugar and milk powder can be delivered in containers and blown to 
storage silos by compressed air. Bulk materials such as sugar and milk 
powder may also be delivered in bags that are emptied by special ma- 
chines. 

Liquid products such as milk, cream, condensed milk, liquid glucose and 
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vegetable fats are delivered by tankers. Milk products are chilled to about 
5°C before storage, while sweetened condensed milk, glucose and vegeta- 
ble fat must be stored at a relatively high temperature (80 — 50°C) to keep 
the viscosity low enough for pumping. Milk fat is delivered in the form of 
anhydrous milk fat (AMF), or in blocks of butter which are melted and 
pumped to storage tanks where a temperature of 35 — 40°C must be main- 
tained. In the latter case batches for one to two days’ production are pre- 
pared to avoid oxidation of the milk fat, unless it is stored under an inert gas 
(N,). 


Formulation 


The weight and/or volume of the individual ingredients must be carefully 
determined before they are mixed. To obtain a well-balanced mix it is es- 


Stick bar 
freezing 


Cold storage 
-25°C, 
0-9 months 


sential to calculate the percentage of milk solids-non-fat (MSNF) to be used. 


This is done by subtracting the percentage of fats, sugar, emulsifiers and 
stabilisers (E/S) you wish to use from 100 and multiplying the remainder by 
0.15. 

For example, to produce ice cream with 10% wt. fat, 15% wt.of sugar 
and 0.5% wt.of E/S, the following calculation will give the required MSNF in 
percent by weight: 
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Fig. 19.1 The ice cream process. 
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Fig. 19.2 
From ice cream mix 
to ice cream. 
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Frozen ice cream 
with 100% overrun (100 - 10 - 15 - 0.5) x 0.15 = 11.5 % wt. of MSNF 


5%Fat 


5,7%MSNF 


7,5%Sugar 
0,3% E/S 


31,5% 
Moisture 


When the amount of MSNF is known, the total dry matter 
(DM) content of the mix is thus fixed and the amount of each 
ingredient to be used can be calculated. In addition, the over- 
run in a typical ice cream should be about 2.5 — 2.7 times the 
total DM of the mix. In the above example the overrun should 
thus be 


2.7 x (10 + 15 + 0.5 + 11.5) = 100 %. 


The compositions of the ice cream mix and the resulting ice 
cream are visualised in figure 19.2. 

After freezing, during which a controlled volume of air is 
also whipped in, the volume of the original mix is almost 
doubled, which also means that the percentages of ingredi- 
ents by volume are nearly halved. 


Ingredients 

The various ingredients are received, weighed and analysed in 
the raw-material reception department, which is usually divid- 
ed into one section for dry ingredients and one for liquid ingre- 
dients. 

The ingredients used in ice cream production are: 

Fat 

Milk solids-non-fat (MSNF) 

Sugar/non-sugar sweetener 

Emulsifiers/stabilisers 

Flavouring agents 

Colouring agents 


Fat 

Fat, which makes up about 10 - 15% wt. of dairy ice cream 
mix, may be milk fat or vegetable fat. In the first case it may be 
whole milk, cream, butter or AMF. Some or all of the milk fat in ice cream 
may be replaced by vegetable fat in the hardened form of sunflower oil, 
coconut oil, soybean oil and rapeseed oil. The use of vegetable fat results in 
a slight difference in colour and flavour compared to milk fat. The difference 
is hardly noticeable if colouring and flavouring additives are used. The use of 
vegetable fat in ice cream is prohibited in some countries. 


Milk solids-non-fat (MSNF) 

Milk solids-non-fat consist of proteins, lactose and mineral salts. They are 
added in the form of milk powder and condensed skimmilk. For best results 
the quantity of MSNF should always be in a certain proportion to the quanti- 
ty of fat. The amount of MSNF should be 11 - 11.5% wt. for the manufac- 
ture of ice cream mix with a fat content of 10 - 12%. 

MSNF has not only a high nutritional value, but also the important ability 
to improve the texture of the ice cream by binding and replacing water. The 
protein component of MSNF also significantly affects the correct distribution 
of air in the ice cream during the freezing process. 


Sugar 

Sugar is added to adjust the solids content in the ice cream and to give it 
the sweetness which customers prefer. The ice cream mix normally con- 
tains between 10 and 18% wt. sugar. Many factors influence the sweeten- 
ing effect and product quality, and many different types of sugar can be 
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used, such as cane and beet sugar, glucose, lactose and invert sugar (a 
mixture of glucose and fructose). 

Sweetened condensed milk is sometimes used, contributing to both the 
sweetening effect and the solids-non-fat content. 

Ordinary sugar is sometimes dissolved in water; a concentration of 50 — 
55% can be achieved at ambient temperature, and up to 70% at about 
80°C. Liquid sugar is easier to handle than dry sugar. 

To satisfy dieters, among whom diabetics are an important category, 
sweeteners should be used. A sweetener has no nutritive value but tastes 
very sweet even in very small doses. Note that a sweetener cannot be used 
as a preservative for sweetened condensed milk. 


Emulsifiers 

Emulsifiers are substances which assist emulsifcation by reducing the sur- 
face tension of liquid products. They also help to stabilise the emulsion. Egg 
yolk is a well-known emulsifier, but is expensive and less effective than the 
most commonly used types, which are mainly non-ionic derivatives of natu- 
ral fats which have been esterified to give them one or more water-soluble 
(hydrophilic) radicals bonded to one or more fat-soluble (lipophilic) radicals. 
The emulsifiers used in ice cream manufacture can be divided into four 
groups: glycerin esters, sorbitol esters, sugar esters and esters of other 
origins. The amount added is usually 0.3 — 0.5% wt. of the ice cream mix. 


Stabilisers 

A stabiliser is a substance which, when dispersed in a liquid phase (water), 
binds a large number of water molecules. This is called hydration and 
means that the stabiliser forms a network which prevents the water mole- 
cules from moving freely. There are two types: protein and carbohydrate 
stabilisers. The protein group includes gelatin, casein, albumin and globulin. 
The carbohydrate group includes marine colloids, hemicellulose and modi- 
fied cellulose compounds. The stabiliser dosage is usually 0.2 - 0.4% wt. of 


the ice cream mix. The most common ice cream 
f flavours are vanilla, nougat, 
Flavouring chocolate, strawberry and nut. 


Flavouring additives are very important to the customer’s choice of ice 
cream. The most commonly used flavours are vanilla, nougat, chocolate, 
strawberry and nut. These can be added at the mixing stage. If flavouring 
takes the form of larger pieces such as nougat, nuts, fruit or jam, it is added 
when the mix has been frozen. 

Cocoa is widely used to give ice cream bars, cones and bricks a coating 
of chocolate. For this purpose the cocoa is mixed with fat — for example 
cocoa fat — to give the chocolate coating the correct viscosity, elasticity and 
consistency. 


Colouring 

Colouring agents are added to the mix to give the ice cream an attractive 
appearance and to improve the colour of fruit flavouring additives. The col- 
ouring agent is usually added in the form of a concentrate. Only approved 
colouring agents and sterilants may be used. 


Weighing, measuring and mixing 
Generally speaking, all dry ingredients are weighed, whereas liquid ingredi- 
ents can be either weighed or proportioned by volumetric meters. 

In plants with small capacities and small total volumes, dry ingredients 
are generally weighed and supplied to the mix tanks by hand. These tanks 
are designed for indirect heating and equipped with efficient agitators. 

Large-scale producers use automatic batching systems, which are often 
custom-built to the user’s specifications. 

The raw materials in the tank are heated and blended to a homogenous 
mix, which is then pasteurised and homogenised. 

In large production plants it is common to have two mix tanks of a vol- 
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ume corresponding to the hourly capacity of the pasteuriser, in order to 
maintain a continuous flow. The dry ingredients, especially the milk powder, 
are generally added in a mixing unit through which water is circulated, cre- 
ating an ejector effect that sucks the powder into the flow. Before returning 
to the tank the mix is normally heated to 50 — 60°C to facilitate dissolution. 
Liquid ingredients such as milk, cream, liquid sugar, etc. are metered into 
the mix tank. 


Homogenisation and pasteurisation 

In large-scale production the ice cream mix flows through a filter to a bal- 
ance tank and is pumped from there to a plate heat exchanger where it is 
preheated to 73 - 75°C. 

AMF or vegetable fat can be proportioned and blended into the flow in 
an in-line mixer en route to the homogeniser. After homogenisation at 14 — 
20 MPa (140 — 200 bar), the mix is pasteurised. 

In batch production the mix, including a metered quantity of fat, is first 
pasteurised in the combined mixing and processing tank, typically at 70°C 
with a hold of 30 minutes. The mix is then passed through the homogeniser, 
cooled to 5°C in a plate heat exchanger and transferred to the ageing tank. 

In large-scale plants the homogenised mix is returned to the plate heat 
exchanger and pasteurised at 83 - 85°C for about 15 seconds. The pas- 
teurised mix is then cooled to 5°C and transferred to an ageing tank. 


Ageing 

The mix must be aged for at least 4 hours at a temperature between 2 and 
5°C with continuous gentle agitation. Ageing allows time for the stabiliser to 
take effect and the fat to crystallise. 


Continuous freezing 


The continuous freezer has two functions: 

e to whip a controlled amount of air into the mix; 

e to freeze the water content in the mix to a large number of small ice 

Fig. 19.3 Continuous ice cream freezer, crystals. 

automatically controlled. Figure 19.3 shows the exterior and figure 19.4 the interior of the continuous 

freezer unit. The mix is pumped into a cylinder refrigerated by an ammonia 
jacket. The freezing process is very rapid; this is very important for the for- 

mation of small ice crystals. The layer 
of frozen mix on the cylinder wall is 
continuously scraped off by a rotating 
knife-equipped mutator inside the 

cylinder. 

a From the ageing tanks the mix is 

——_— passed to the continuous freezer, where air is 

whioped in while it is frozen to between -3°C and -6°C 

depending on the ice cream product. Increase in the volume by the 

incorporation of air in ice cream mix is called “overrun” and is normally 80 - 
100%, i.e. 0.8 to 1 litre of air per litre of mix. The ice cream leaving the con- 

tinuous freezer has a texture similar to soft ice, and some 40% of the water 

content is frozen. It can therefore be pumped to the next stage in the proc- 

ess, which is either packing, extrusion or moulding. 

Fruit riople and dry ingredients like pieces of fruit, nuts or chocolate can 
be added to the ice cream immediately after the continuous freezer. This is 
Freezing medium done by connecting a ripple pump or an ingredient feeder unit to the ice 
cream line. 


Fig. 19.4 Principle of a continuous ice 
cream freezer, manually controlled. 


Packing, extrusion and moulding 


Packing in cups, cones and containers 

Ice cream is packed in cups, cones and containers (1 to 6 litres) in a rotary 
or in-line filling machine. These can be filled with various flavours, and the 
products may be decorated with nuts, fruits and chocolate. The packs are 
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lidded before leaving the machine, after which they are passed through a 
hardening tunnel where final freezing down to -20°C takes place. Before or 
after hardening the products can be manually or automatically packed in 
cartons or bundled. 

Plastic tubs or cardboard cartons can be filled manually from a can 
equipped to supply single or twin flavours. 


Extrusion of sticks and stickless products 

Extruded ice cream products are normally produced on a tray tunnel ex- 
truder. The ice cream can be extruded directly onto trays in a variety of 
different shapes and sizes, or into a cup or cone, or on to a sandwich wafer. 
An extrusion unit is shown in figure 19.5. 

Decoration can be applied, after which the products are carried on the 
trays through a hardening tunnel where they are frozen to —20°C. After 
hardening the products are removed from the trays ready for wrapping and 
packing in cartons, either manually or automatically. Such a system is con- 
tinuous; depending on the capacity of the extruder and the type of product, 
5 — 25 000 units can be produced per hour. 


Moulding of bars 

Ice cream or water ice bars are made in special machines, also called stick 
novelty freezers, with pockets in which the ice cream or water ice is mould- 
ed. Ice cream is supplied direct from the continuous freezer at a tempera- 
ture of approx. -3°C. The filled moulds are conveyed stepwise through a 
brine solution having a temperature of -40°C, which freezes the ice cream 
or water ice solution. 

Sticks are inserted before the moulds are completely 
frozen. 

The frozen products are removed from the moulds by 
passing them through a warm brine solution which melts 
the surfaces of the products and enables them to be 
removed automatically by an extractor unit. After extrac- 
tion the bars (novelties) may be dipped in chocolate 
before being transferred to the wrapping machine. Since 
the products are fully frozen, they can be taken straight 
to the cold store after wrapping and cartoning. 

A variety of different shaped products can be produced 
in stick novelty freezers as well as products with one, two or 
three flavours and shell-and-core products with a core of ice 
cream and a shell of water ice. 
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Fig. 19.6 Ice cream bar freezer. 
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Fig. 19.8 Hardening tunnel. 


Fig. 19.9 Production plant for 500 
litres per hour of ice cream products. 
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on the pallets. 


Figure 19.6 shows a type of moulded stick novelty freezer for 

manufacturing ice cream and water ice bars. The cutaway 
view of an ice cream bar in figure 19.7 shows the 
texture of the ice cream. 


Hardening and cold storage 


The manufacture of ice cream is not complete 
until it has been thoroughly hardened at a tem- 
perature of around —20°C. For products pro- 
duced in an extrusion line or a stick novelty 
freezer, the hardening operation is included in the 
process. Products packed immediately after 
freezing must however be transferred to a hard- 
ening tunnel, figure 19.8. The faster the harden- 
ing, the better the texture. After hardening the 
products are transferred to the cold store where 
they are stored on shelves or pallet racks at a temper- 
ature of -25 °C. The storage life of ice cream depends on 
the type of product, the packaging, and maintenance of a 


constant low temperature. The storage period ranges from O to 9 
months. 


Wrapping and packaging 

Cups, containers, etc. are either bundled or packed in cartons. Hand-held 
products like stick novelties, cones and bars are wrapped in a single or 
multi-lane wrapping machine before being packed in cartons. The design of 
the wrapping and packaging section of an ice cream processing line de- 
pends on the type of product and the capacity. Varying degrees of manual 
and automatic operation can be employed. 


Examples of production plants 


Two plants are illustrated to give an idea of the product flow in ice cream 
production. One of them is a relatively small plant with a hourly capacity of 
500 litres of ice cream, figure 19.9, while the other one, figure 19.10, is a 
large plant producing 5 000 — 10 000 litres of various types of ice cream per 
hour. 

In the small plant, the packaged and cartoned products are typically 
hardened in the cold store at a temperature of -35 to -40°C. To shorten the 
hardening period as much as possible, the cartons must be openly spaced 
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Fig.19.10 Large ice cream plant for production of 
5 000-10 000 I/h of various types of ice cream. 


A Raw material storage D Ice cream production plant 17 Chocolate enrobing unit 
B Dissolving of ingredients and mixing 7 Ageing tanks 18 Cooling tunnel 
1 Mixing unit 8 Continuous freezers 19 Wrapping unit 
2 Plate heat exchanger 9 Bar freezer 20 Cartoning unit 
3 Mixing tanks (at least two for continuous 10 Wrapping and stacking unit 21 Cold storage 
processing) 11 Cartoning unit 
C Pasteurisation, homogenisation and fat 12 Cup/cone filler 
standardisation of the mix 13 Hardening tunnel 
4 Plate heat exchanger 14 Cartoning line 
5 Homogeniser 15 Return conveyor for empty trays 
6 Tank for AMF or vegetable fat 16 Tray tunnel extruder 
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Chapter 20 


Casein 


Casein is the major protein in cow’s milk and constitues about 80% of the 
total protein content of which the rest, some 20%, are the whey or serum 
proteins. 

Casein is the basic component of ordinary cheese. In the cheesemak- 
ing process, casein is precipitated by the action of rennet enzyme, and a 
coagulum is formed consisting of casein, whey proteins, fat, lactose and 
the minerals of the milk. 


Commercial casein is made from skimmilk by one of two general methods — 
precipitation by acid or coagulation by rennet. As much of the fat, whey 
proteins, lactose and minerals as possible must be removed by multistage 
washing in water, as they reduce the quality of the casein as well as its 
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keeping quality. Dried, properly produced casein has a relatively good keep- 
ing quality and is used mainly in the food and chemical industries. 


Types of casein 


Casein is usually divided into the following types: 

e rennet casein, obtained by enzymatic precipitation; 

e acid casein, obtained by acidifying skimmilk to the isoelectric point (PH 
4.6 - 4.7). 

In addition to these two main types there are other commercially available 
casein products of importance, viz.: 

e co-precipitate, made by heating skimmilk to a high temperature and then 
precipitating the casein/whey protein complex, usually with calcium chlo- 
ride. The co-precipitate also contains whey proteins and calcium. 

e caseinates, commonly sodium caseinate, obtained from acid casein 
dissolved in sodium hydroxide. 


Influence of raw material 
In order to produce high-quality casein, the raw material, skimmed milk, 
must be of good quality. If bacteria have had time to act on the protein in 
the milk as a result of a change in acidity, this will affect the colour and con- 
sistency of the casein, which will acquire a greyish colour and a smoother 
consistency. Excessive heating of the milk before precipitation will not only 
cause assorted interactions among the lactose, casein and whey protein 
constituents but also give the casein a yellow or at worst a brownish colour. 
In order to produce casein of good bacteriological quality, without high 
heat treatment of the skimmilk, the pasteurisation plant may also contain a 
microfiltration (MF) plant. To satisfy the high demands on the quality of ca- 
sein intended for use in the food industry, not only must the production line 
be carefully planned right from the reception of the milk, but the treatment 
and handling of the raw material prior to this stage must also be carefully 
controlled. 


Rennet casein 


Skimmilk, normally pasteurised at 72°C for 15 — 20 seconds, is used for the 
production of rennet casein as well as other types of casein. Small amounts 
of fat are detrimental to the quality. It is therefore important that the milk has 
been separated efficiently. 

Figure 20.1 shows the various stages of rennet casein production. Ren- 
neting takes place with the help of the enzyme chymosine in the rennet. The 
milk is heated for a short period of time and then cooled to about 30°C. 
Then the rennet is added. A gel forms after 15 — 20 minutes. It is cut and 
the coagulum is stirred while being heated to about 60°C. The high tem- 
perature is needed to deactivate the enzyme. Cooking time approx. 30 
minutes. 


Batch washing 

The whey is drained off when the final temperature has been reached, and 
the remaining casein, while in the vat, is washed with water to remove whey 
proteins, lactose and salt. Washing takes place in two or three stages ata 
temperature between 45 and 60°C. 

After the water has been drained off, the casein is further dewatered in 
sieves or separators. It is then dried with hot air until the water content is 
12%, and finally ground to a powder. The drying temperature depends on 
the method used. In a two-stage drying process, the temperature is 50 — 
55°C in the first stage and about 65°C in the second. 

Rennet casein should be white or slightly yellow. A darker colour is a sign 
of inferior quality and may be caused by too high a lactose content. 
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Continuous washing 


Rennet casein was originally produced in batches in special casein tanks, 
but nowadays continuous processes are also used. In a continuous plant, 
drainage of whey takes place before the casein passes through two or three 
washing tanks with agitators. Dewheying is normally done in a decanter 
centrifuge to reduce consumption of wash water. The casein is dewatered 
between washing stages, either on inclined static strainers or in decanters. 
After leaving the washing stages, the water/casein mixture goes through 
another decanter to discharge as much water as possible before final dry- 
ing. 

In large scale production, coagulation of the casein is still done batch- 
wise with a calculated number of casein vats emptied in sequence to feed 
the continuous de-wheying and washing plant. 


Product | Fig. 20.1 Process line with counter- 


Whey I _7 current washing of rennet casein. 
Water eee 7 
Heating media l } \ 1 Vat for casein production 
kd. Decanter 
3 Washing tank 
4 Heater 
Washing takes place in countercurrent, which is much more economical 5 Drying 
6 Milling, sieving and bagging 


of water than concurrent washing. The latter system uses one litre of water 
per litre of skimmilk, whereas only about 0.3 — 0.4 litre of water per litre of 
skimmilk is needed in countercurrent washing. The number of sashing stag- 
es is depending on the requirements on the product. Two stages are the 
minimum. Fresh water is supplied in the last stage only. After washing, the 
casein is dewatered in a decanter to a DM content of 45-40%. After drying, 
for example in a vibration drier, the casein is ground to a particle size corre- 
sponding to 40, 60, or 80 mesh and packed in sacks. (Mesh = number of 
screen lines per inch; 40 mesh thus corresponds to 0.64 mm.) 


Acid casein 


The milk is acidified to the isoelectric point of casein, which is usually reck- 
oned to be pH 4.6, but it is shifted by the presence of neutral salts in solu- 
tion and may be anywhere within a range extending from pH 4.0 to pH 4.8. 
The isoelectric point is the stage where the hydronium ion concentration 
neutralises the negatively charged casein micelles, resulting in precipitation 
(coagulation) of the casein complex. Such acidification can be carried out 
biologically or by addition of a mineral acid, e.g. hydrochloric acid (HCI) or 
sulphuric acid (H,SO,). 


Biological acidification - lactic acid casein 


Lactic acid casein is produced by microbiological acidulation. The milk is 
pasteurised and cooled to 27 — 28°C. A mesophilic, non-gas-producing 
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Fig. 20.2 Process line 

for acid casein produc- 

tion. 

pH control 

Decanter centrifuge 

Washing tank 

Heat exchanger 

Drying 

Milling, sieving and 

bagging 

Optional: 

7 Fines recovery from 
whey 

8 Fines recovery from 
wash water 

9 Fines dissolving 

10 Whey storage 
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Fig. 20.3 Continuous coagulation, 
cooking, and syneresis unit for lactic 
acid, acid and rennet caseins (Pillet). 


Fig. 20.4 Curd washing tower for lactic 
acid, acid and rennet caseins (Pillet). 


| 
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starter is then added. Acidulation to the required pH takes about 15 hours. 
If the acidulation process is too rapid, it can result in problems such as 
uneven quality and reduced casein yield. Large tanks are usually used. This 
means that it can take such a long time to empty the tank that the degree 
of acidity may vary. 

When the required acidity has been reached, the milk is stirred and 
heated to 50 — 55°C in a plate heat exchanger. After a short hold, the con- 
tinued treatment — washing and drying — is practically the same as for ren- 
net casein. 


Mineral acidification -— acid casein 

The milk is heated to the required temperature, approx. 82°C. Mineral acid 
is then added to bring the pH of the milk to 4.3 — 4.6. Following the pH 
check, the milk is heated to 40 - 45°C in a plate heat exchanger and held 
for about two minutes, when smooth aggregates of casein are formed. To 
remove as much as possible of the whey before washing starts, the whey/ 
casein mixture is passed through a decanter. In this way, less water is need- 
ed for washing. 

Figure 20.2 shows a flow chart for a process line for the manufacture of 
acid casein. As can be seen, the plant downstream of acidification is almost 
identical to the one used for production of rennet casein. 

Before leaving the plant, the whey and wash water can be separated 
and the casein sludge is collected in a tank. When mixed with a lye solution, 
the casein dissolves and is then remixed with the skimmilk intended for 
casein production. 

After dewatering, the acid casein is ground and packed in sacks. 

The technique for production of acid casein developed by Pillet, France, 
should also be mentioned. 

After preheating to 32°C the skimmilk is acidified and introduced into a 
coagulation unit, figure 20.3. Coagulation is completed after heating to 
approx. 45°C by direct steam injection. Dewheying in a decanter is followed 
by countercurrent washing in one or two specially designed washing tow- 
ers, figure 20.4. 

Before being dried in a vibro-fluidised unit, the casein is dewatered in a 
decanter. 


Co-precipitate 

Co-precipitate contains practically all the protein fractions of milk. 
Following the addition of small quantities of calcium chloride or acid to 

the skimmilk, the mixture is heated to 85 — 95°C and held at that tempera- 
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ture for a period of 1 — 20 minutes to allow interaction between the caseins 
and the whey proteins. Precipitation of the proteins from the heated milk is 
then effected by controlled addition of either calcium chloride solution (to 
produce high-calcium co-precipitate) or diluted acid (to produce medium- 
calcium or low-calcium co-precipitate, depending upon the amount of acid + 

added and the pH of the resulting whey). The curd is subsequently washed 
and either dried to produce granular, insoluble co-precipitates or dissolved 

in alkali as described for the methods for the manufacture of caseinates to 

produce soluble or “dispersible” co-precipitates. 


Wet acid casein curd 
Or 
ty acid casein 


Caseinate 


Caseinate may be defined as a chemical compound of casein and light 
metals, for instance monovalent sodium (Na*) or divalent calcium 
(Cat). 

Caseinates can be produced from freshly precipitated ("wet") 


acid casein curd or from dry acid casein by reaction with any of 
several diluted solutions of alkali as outlined in figure 20.5. 


Sodium caseinate 

The most commonly used alkali in the production of sodium 
caseinate is sodium hydroxide (NaOH) solution, with a 
strength of 2.5 M or 10%. The quantity of NaOH required is 


generally 1.7 — 2.2% by weight of the casein solids in 
order to reach a final pH, generally about 6.7. 
Other alkalis, such as sodium bicarbonate or sodium 
phosphates, may be used, but the amounts required 
and their cost are both greater than those of NaOH. Fig. 20.5 Basic steps involved in the 
They are therefore generally used only for specific purposes, such as in the Manufacture of spray or roller dried 
manufacture of citrated caseinates. caseinates from acid casein curd or dry 
The very high viscosity of sodium caseinate solutions of moderate con- i sigh uname ies y 7 A m 
centration limits their solids content for spray drying to about 20%. Ar or ee i j 
Regarding the processing procedures, it should be mentioned that the ‘ 
dissolving time is directly related to the particle size and that particle size 
reduction prior to addition of sodium hydroxide rather than afterwards pro- 
duces a more rapid reaction. Consequently, the curd is passed through a 
colloid mill prior to addition of alkali. 
After the final casein wash, the curd may be dewatered to about 45% 
solids and then remixed with water (to 25 — 30% solids) before entering the 
colloid mill. The temperature of the emerging slurry should be below 45°C, 
since it has been observed that milled curd can re-agglomerate at higher 
temperatures. Generally the slurry is collected in a jacketed tank provided 
with an effective agitator and also integrated in a circulation system with a 
high capacity pump. 
The addition of diluted alkali must be carefully controlled with the aim of 
reaching a final pH of about 6.7. Preferably, the alkali is dosed into the recir- 
culation line just upstream of the pump. 
Once the alkali has been added to the slurry, it is important to raise the 
temperature as quickly as possible to 60 — 75°C to reduce the viscosity. 
The dissolving time for sodium caseinate prepared in batches is usually 
30 - 60 min. 
For efficient atomisation, the sodium caseinate solution must have a 
constant viscosity when it is fed to the spray drier. It is common practice to 
minimise the viscosity by preheating the solution to 90 — 95°C just prior to 
spray drying. 


Calcium caseinate 

The preparation of calcium caseinate follows the same general lines as for 
sodium caseinate, with a couple of important exceptions. Calcium casein- 
ate solutions are liable to be destabilised by heating, especially at pH values 
below 6. 
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Casein/water 
mixture 
Sodium 


4 hydroxide 


Fig. 20.6 An extrusion cooking system. 


It has been found that during the dissolving process, the reaction be- 
tween acid casein curd and calcium hydroxide proceeds at a much slower 
rate than between curd and sodium hydroxide. To increase the rate of reac- 
tion between casein and calcium hydroxide, the casein may first be dis- 
solved completely in ammonia. Calcium hydroxide in sucrose solution is 
then added, and the calcium caseinate solution is dried on rollers. Most of 
the ammonia evaporates during this process. 


Other caseinates 
Magnesium caseinate has been briefly mentioned in the literature. 

Compounds of casein with aluminium have been prepared for medical 
use or for use as an emulsifier in meat products. 

Heavy metal derivates of casein which have been used principally for 
therapeutic purposes include those containing silver, mercury, iron, and 
bismuth. Iron and copper caseinates have also been prepared by ion ex- 
change for use in infant and dietic products. 


Extruded sodium caseinate 


It is possible to produce sodium caseinate from casein in the presence of a 
limited amount of water by using extrusion techniques. 

Some European companies dealing with extrusion cooking — Werner & 
Pfleiderer GmbH/Germany, Clextral/France and a 
few others — report good results from production of 
sodium caseinate by extrusion cooking. 

Most of the published information gives dry ca- 
sein as the starting material. Water and alkali are 
added to form a mixture for extrusion. The casein/ 
water mixture may have a moisture content of 
10 - 30%. 

The extrusion technique used in production of 
caseinates is likely to become highly competitive with the traditional batch 
technique. 

Furthermore, extrusion processing has also been tested in production of 
acid casein from skimmmilk powder. J Fichtali and F R van der Vort have 
run trials in a pilot plant at the MacDonald College of McGill University, Que- 
bec, Canada. They summarise the results of their trials (1990) as follows: 

"Our initial work on the production of an acid curd from SMP (skim milk 
powder) by extrusion processing indicated that significantly more effort had 
to go into developing the process to produce a quality product. The United 
States, Canada and the European Economic Community have at times 
experienced a chronic oversupply of milk, of which substantial amounts are 
converted into skimmilk powder. By modifying the extrusion process condi- 
tions, studying high solids coagulation and optimising the coagulation and 
washing steps, acid casein of an acceptable quality can be produced by 
extrusion. This process is continuous, controllable, uses high solid SMP and 
may reduce labour and floor space requirements relative to conventional 
processes. This material can serve as a feed for further conversion by extru- 
sion to sodium caseinate, which will be discussed in a succeeding paper." 


Uses of caseins and caseinates 


Rennet casein 

Rennet casein is a product different from acid casein. In industry it is used 
principally in the production of artificial substances in the plastics category. 
Casein polymerised with formalin is known as galalith, and synthetic fibres 
of casein are known as lanital. In spite of the large supply of various plastics 
which compete directly with galalith, there is still some demand for casein 
for galalith production. Small quantities of rennet casein are also used as a 
raw material for processed cheese. Rennet casein is insoluble in water. 
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Acid casein 

Acid casein dominates the world markets. It is used in the chemical industry 
as an additive in paper manufacture for the glazing of paper of fine quality. 
For paper industry applications, it is particularly important that the casein is 
free from fat and contains no particles of foreign or burnt matter that might 
make spots on the paper. To obtain extremely low fat content in skimmilk it 
should be passed through a microfiltration plant (MF) in combination with 
pasteurisation. Each industry has its own strict quality specifications. The 
paint and cosmetic industries are also large users of casein. 


Tabel 20.1 
Typical composition of caseins, caseinates, 


and co-precipitates 


Standards for acid casein by grade 


Quality Extra Standard 
grade grade 
Moisture (max) 10% 12% 
Fat (max) 165 Ye 2% 
Free acid (max) 0.20 ml 0.27 ml 
Ash (max) 2.2 % 2.2% 
Protein content. dry basis 95 % 90% 
Plate count/g (max) 30 000 100 000 
Coliform count (max)/0.1 g O O 


Standards for rennet casein 


Quality Extra Standard 
grade grade 
Moisture (max) 12% 13% 
Fat (max) 1.0% 15% 
Ash 7.5 % 7.0% 
Colour A C 


Typical composition of caseinates 
Sodium caseinate Calcium caseinate 


Moisture 3.8 % 3.8 % 
Protein (N x 6.38) 91.4 % 91.2 % 
Ash 3.6 % 3.8 % 
Lactose 0.1 % 0.1% 
Fat 1.1% 1.1% 
Sodium 1.2-1.4 % <0.1 % 
Calcium 0.1 % 13-16% 
lron 3-20 mg/kg 10 - 40 mg/kg 
Copper 1 - 2 mg/kg 1.2 mg/kg 
Lead <1 mg/kg <1 mg/kg 
pH 6.5 -6.9 6.8 -7.0 


Sodium caseinate 
A casein application of growing importance is its use as a raw material for 
the manufacture of sodium caseinate. The casein is easily dissolved in a 
diluted alkali, and the liquid is then spray-dried to a powder. This powder is 
much more soluble than casein and is being increasingly used by the food 
industry. It is often used as an emulsifier in cured meats and is found in a 
number of new products, such as milk and cream substitutes. 

As sodium caseinate is highly viscous when dissolved, the maximum 
obtainable concentration is 20% at 55 — 60°C. 
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Calcium caseinate 
For certain applications, calcium caseinate may be chosen instead of sodi- 
um caseinate, one reason being the wish to reduce the sodium content of 
the product to a minimum. 

The viscosity of calcium caseinate is somewhat lower than that of sodi- 
um caseinate at the same concentration. 


Calcium co-precipitate 

This product can also be dissolved in alkali and spray dried, and has much 
the same field of application as caseinate, but with the difference that in the 
production of calcium co-precipitate, it is possible to adapt the process for 
the purpose of regulating colour, solubility, and ash content in closer con- 
formity to the users’ requirements. 

One of the most important advantages of casein and caseinate from a 
nutritional point of view is the relatively high content of the essential amino 
acid lysine. Moreover, tests have shown that the lysine keeps much longer, 
thanks to the absence of lactose in the environment. This suggests that milk 
proteins can be more conveniently stored in the form of casein and casein- 
ate than, for example, as dried milk powder. 

Casein produced for industrial use must satisfy long-established de- 
mands for chemical purity. The new trend shows that casein and precipitate 
are intermediate products which find their way into a host of food products 
and must therefore satisfy strict demands in respect of bacteriological as 
well as chemical purity. 

Process lines must be so designed and constructed that they ensure 
hygienic manufacturing conditions. As casein is a seasonal product to a 
much greater extent than many other dairy products, the possibility must be 
provided to run the production line in multiple shifts without an undue de- 
mand for manual labour; water consumption must also be kept within rea- 
sonable limits. 

In these circumstances, therefore, it is of interest to be able to plan con- 
tinuous production lines, incorporating for example centrifugal machines for 
dewatering the casein and recovery of casein losses from the whey and 
wash water. 


Table 20.2 
Approximate composition analysis of granular 


co-precipitates and casein! 


Lactic and Co-precipitate 
sulphuric 
acid casein High- Medium- 
calcium calcium Acid 

Moisture (%) 1S 9.5 9.5 9.5 
Fat (%) 1.4 OES 0.7 0.9 
Ash (%) 1.8 Tall Shall 2.4 
Protein: 
— Nx6.38 (%) 85.0 81.7 85.6 86.7 
— dry basis (%) 96.0 90.3 94.5 95.8 
Lactose (%) 0.1 05 0.5 ORS 
Calcium (%) <0.1 2.81 Tots} 0.54 
pH 4.6-5.4 6.5 -7.2 5.6-6.2 5.4-5.8 


pH of whey after 
curd separation 4.3- — 4.6 5.8-5.9 51=53 49-51 


1 Source: Southward & Aird, 1978 


References: A large part of the information concerning caseinates is drawn from a review made by C R Southward, 
NZDRI, and published in the N.Z.J. of D. Science and Technology, 20, 79 — 101 (1985). 
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Chapter 21 


Cleaning of dairy equipment 


Aspects of cleaning 


The arrangements for cleaning equipment that comes in contact with 
products are an essential part of a food processing plant. It must be kept 
in mind that food manufacturers are always obliged to maintain high 
hygienic standards; this applies both to the equipment and, naturally, to 
the staff involved in production. This obligation can be considered under 
three headings: 

1. Trade obligation 

2. Moral obligation 

3. Legal obligation 
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Fig. 21.1 Deposits on a heated surface. 
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Trade obligations 


Good, wholesome, clean products that keep well and are free from health 
hazards are obviously good for trade; customers will buy the same product 
again. If however a product is contaminated, does not keep well or is the 
subject of complaints to the authorities, the reverse is true, and the resulting 
publicity is very damaging. 

The potential effects of poor cleaning, poor standards and poor quality 
must be kept in mind at all times. 


Moral obligation 


Most of the customers who consume the products never see the factory or 
how the products are handled. They trust the company, rely on its reputa- 
tion, and take it for granted that operations are carried out under the clean- 
est of conditions by well-trained staff who are continually aware and con- 
scious of these factors 


Legal obligation 


The law attempts to protect the customer and purchaser in respect of 
health and quality. Failure to meet legal obligations, national or local, can 
result in very severe action. Prosecution proceedings can be very damag- 
ing. 

Prevention is better than cure, and companies are obliged to meet legal 
requirements and maintain high standards. Milk and milk products by their 
nature are ideal media for the growth of micro-organisms, including many 
pathogens. As a result of this there is more legislation concerning milk — its 
production, handling, processing, packaging, storage and distribution — 
than any other food product. Each country has its own national and per- 
haps local legislation standards. 


Cleaning objectives 


As concerns of cleaning results, the following terms are used to define the 

degree of cleanliness: 

e Physical cleanliness — removal of all visible dirt from the surface; 

e Chemical cleanliness — removal not only of all visible dirt but also of 
microscopic residues which can be detected by taste or smell but are 
not visible to the naked eye; 

e Bacteriological cleanliness — attained by disinfection; 

e Sterile cleanliness — destruction of all micro-organisms. 

It is important to note that equipment can be bacteriologically clean without 

necessarily being physically or chemically clean. However, it is easier to 

achieve bacteriological cleanliness as a matter of routine if the surfaces in 
question are first rendered at least physically clean. 

In dairy cleaning operations the objective is nearly always to achieve both 
chemical and bacteriological cleanliness. The equipment surfaces are there- 
fore first thoroughly cleaned with chemical detergents and then disinfected. 


Dirt 
What kind of dirt is it that is present on the surfaces of dairy equipment and 
needs to be removed? 

It consists of deposits stuck to a surface and its composition, in this 
particular case, is based on milk components which are utilised by bacteria 
“hidden” in the dirt. 


Heated surfaces 


When milk is heated above 60°C, milk stone starts to form. This is a deposit 
of calcium (and magnesium) phosphates, proteins, fat, etc. You can easily 
see the result on heat exchanger plates after a long production run, in the 
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heating section and the first part of the regenerative section to follow. The 
deposits stick tight to the surfaces, and after runs of more than eight hours 
a change of colour from whitish to brownish can also be observed. An at- 
tempt to visualise the dirt on a heated surface has been made in figure 
21.1. 


Table 21.1 
Chemical effects and soil characteristics 


Component Solubility Ease of removal 
on surface Low/medium High pasteurisa- 
pasteurisation tion/UHT 
Sugar In water Easy Caramelisation 
Difficult 
I ce ear It is important to note that 
Fat Not in water Difficult Polymerisation equipment can be bacteriologi- 
In alkali Difficult cally clean without necessarily 
Protein Not in water Very difficult Denaturation being physically or chemically 
In alkali Very difficult clean. 
Slightly in acid 
Mineral salts Varies in water Varies Varies 


Most salts in acid 


Cold surfaces 

A film of milk adheres to the walls of pipelines, pumps, tanks, etc. (“cold” 
surfaces). When a system is emptied, cleaning should start as soon as 
possible, or otherwise this film will dry out and be harder to remove. 


Cleaning procedures 


Cleaning of dairy equipment was formerly done (and still is in some places) 
by people armed with brushes and detergent solutions, who had to dis- 
mantle equipment and enter tanks to get at the surfaces. This was not only 
laborious but also ineffective; products were often reinfected from imper- 
fectly cleaned equipment. 

Circulatory cleaning-in-place (CIP) systems adapted to the various parts 
of a processing plant have been developed to achieve good cleaning and 
sanitation results. 

Cleaning operations must be performed strictly according to a carefully 
worked out procedure in order to attain the required degree of cleanliness . 
This means that the sequence must be exactly the same every time. 

The cleaning cycle in a dairy comprises the following stages: 

e Recovery of product residues by scraping, drainage and expulsion with 
water or compressed air; 

Prerinsing with water to remove loose dirt; 

Cleaning with detergent; 

Rinsing with clean water; 

Disinfection by heating or with chemical agents (optional); if this step is 
included, the cycle ends with a final rinse, if the water quality is good. 
Each stage requires a certain length of time to achieve an acceptable result. 
In table 21.1 some chemical effects and soil characteristics are listed. 


Recovery of product residues 


All product residues should be recovered from the production line at the 

end of the run. This is important for three reasons: 

e to minimise product losses, 

e to facilitate cleaning, 

e to reduce the load on the sewage system, which often means a 
considerable saving in sewage treatment costs. 
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As a rule of thumb, cleaning 
with alkaline detergent should 
be done at the same tempe- 
rature as the product has 
been exposed to, but at least 
70°C. 
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Time must be allowed for the product to drain from tank walls and pipes. 
Surfaces coated with solid residues, e.g. in butter-printing machines, must 
be scraped clean. Before cleaning starts, the remaining milk is forced out of 
the production lines with water. Wherever possible, the milk in the piping 
systems is blown or flushed with water to collecting tanks. 


Prerinsing with water 


Prerinsing should always be carried out immediately after the production 
run. Otherwise the milk residues will dry and stick to the surfaces, making 
them harder to clean. Milk fat residues are more easily flushed out if the 
prerinsing water is warm, but the temperature should not exceed 55°C to 
avoid coagulation of proteins. 

Prerinsing must continue until the water leaving the system is clear, as 
any loose dirt left will increase detergent consumption and inactivate chlo- 
rine, if used, in the detergent. If there are dried milk residues on the surfaces 
it may be an advantage to soak the equipment. Soaking softens the dirt 
and makes cleaning more efficient. 

The mixture of water and milk from the initial prerinsing can be collected 
in a tank for special processing. At least 90% of the unencrusted residues, 
normally 99% of the total residues, can be removed by efficient prerinsing. 


Cleaning with detergent 

The dirt on heated surfaces is normally washed off with alkaline and acid 
detergents, in that order or the reverse order, with intermediate water flush- 
ing, whereas cold surfaces are normally cleaned with alkalis and only occa- 
sionally with an acid solution. 

To obtain good contact between the alkaline detergent solution, typically 
caustic soda (NaOH), and the film of dirt, it is necessary to add a wetting 
agent (surfactant) which lowers the surface tension of the liquid. Teepol 
(alkyl aryl sulphonate), an anionic surfactant, is usually used. 

The detergent must also be capable of dispersing dirt and encapsulating 
the suspended particles to prevent flocculation. Polyohosphates are effec- 
tive emulsifying and dispersing agents which also soften water. The most 
commonly used are sodium triphosphate and complex phosphate com- 
pounds. 

A number of variables must be carefully controlled to ensure satisfactory 
results with a given detergent solution. These are: 

e the concentration of the detergent solution 

e the temperature of the detergent solution 

e the mechanical effect on the cleaned surfaces (velocity) 
e the duration of cleaning (time) 


Detergent concentration 

The amount of detergent in the solution must be adjusted to the correct 
concentration before cleaning starts. During cleaning, the solution is diluted 
with rinsing water and milk residues. Some neutralisation also takes place. It 
is therefore necessary to check the concentration during cleaning. Failure to 
do this can seriously affect the result. Checking can be done either manually 
or automatically. The dosage must always be according to the detergent 
supplier's instructions, as increasing the concentration does not necessarily 
improve the cleaning effect — it may indeed have the reverse effect due to 
foaming, etc. Using too much detergent simply makes cleaning needlessly 
expensive. 


Detergent temperature 
Generally speaking, the effectiveness of a detergent solution increases with 
increasing temperature. A blended detergent always has an optimum tem- 
perature which should be used. 

As arule of thumb, cleaning with alkaline detergent should be done at 
the same temperature as the product has been exposed to, but at least 
70°C. Temperatures of 68 — 70°C are recommended for cleaning with acid 
detergents. 
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Mechanical cleaning effect 


In manual cleaning, scrubbing brushes are used to produce i 

the required mechanical scouring effect, figure 21.2. In = 
mechanised cleaning of pipe systems, tanks and other — 
process equipment, the mechanical effect is supplied by the 

flow velocity. The detergent feed pumps are dimensioned for 

higher capacities than the product pumps, with flow velocities 

of 1.5 — 3.0 m/s in the pipes. At these velocities the liquid flow is 
very turbulent. This results in a very good scouring effect on the sur- 
faces of the equipment. 


Duration of cleaning 


The duration of the detergent cleaning phase must be carefully calculated to 
obtain the optimum cleaning effect. At the same time the costs of electricity, 
heating, water and labour must be taken into consideration. It is not suffi- 
cient to flush a pipe system with a detergent solution. The detergent must 
circulate long enough to dissolve the dirt. The time this takes depends on 
the thickness of the deposits (and the temperature of the detergent solu- 
tion). Heat exchanger plates encrusted with coagulated protein must be 
exposed to circulating nitric acid solution for about 20 minutes, whereas 10 Fig. 21.2 Examples of mechanical 


minutes’ treatment with alkaline solution is enough to dissolve the film on cleaning effects. 
thewealle ot semi tank. The mechanical effect can be provided 


either by scrubbing brushes in a manual 
n . i cleaning system, or by the flow velocity 
Rinsing with clean water in a mechanised system. 
After cleaning with detergent the surfaces must be flushed with water long 
enough to remove all traces of the detergent. Any detergent left in the sys- 
tem after cleaning can contaminate the milk. All parts of the system must be 
thoroughly drained after rinsing. 
Softened water is preferred for rinsing. This prevents deposition of lime 
scale on the cleaned surfaces. Hard water with a high content of calcium 
salts must therefore be softened in ion exchange filters to 2 — 4°dH (Ger- 
man degrees of hardness). 
The equipment and pipe systems are practically sterile after the treat- 
ment with strong alkaline and acid solutions at a high temperature. It is then 
necessary to prevent overnight growth of bacteria in the residual rinsing 
water in the system. This can be done by acidifying the final rinse water to a 
pH of less than 5 by adding phosphoric or citric acid. This acid environment 
prevents the growth of most bacteria. 


Disinfection 

Properly carried out cleaning with acid and alkaline detergents renders the 
equipment not only physically and chemically but also, to a large extent, 
bacteriologically clean. 

The bacteriological cleaning effect can be further improved by disinfec- 
tion. This leaves the equipment virtually free from bacteria. For certain prod- 
ucts (UHT milk, sterile milk) it is necessary to sterilise the equipment to 
render the surfaces completely free from bacteria. 

Dairy equipment can be disinfected in the following ways: 

e Thermal disinfection (boiling water, hot water, steam); 

e Chemical disinfection (chlorine, acids, iodophors, hydrogen peroxide, 
etc.) 

Disinfection can be done in the morning, immediately before milk process- 

ing begins. The milk can be admitted as soon as all the disinfectant has 

been drained from the system. 

If disinfection takes place at the end of the day, the disinfectant solution 
should be flushed out with water to avoid leaving any residues that may 
attack the metal surfaces. 
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Fig. 21.3 Spray turbine for tank 
cleaning. 

The spray turbine consists of two 
rotating nozzles on the same pipe. One 
rotates in the horizontal plane and the 
other in the vertical. Rotation is 
produced by jet reaction from the back- 
ward-curved nozzles. 


Fig. 21.4 Examples of positions difficult 
to clean in a pipe system. 
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Cleaning-in-place systems 


Cleaning-in-place means that rinsing water and detergent solutions are 
circulated through tanks, pipes and process lines without the equipment 
having to be dismantled. CIP can be defined as circulation of cleaning liq- 
uids through machines and other equipment in a cleaning circuit. The pas- 
sage of the high-velocity flow of liquids over the equipment surfaces gener- 
ates a mechanical scouring effect which dislodges dirt deposits. This only 
applies to the flow in pipes, heat exchangers, pumps, valves, 
separators, etc. 
The normal technique for cleaning large tanks is to 
spray the detergent on the upper surfaces and then 
allow it to run down the walls. The mechanical scour- 
ing effect is then often insufficient, but the effect 
can to some extent be improved by the use of 
te. specially designed spray devices, one of 
which is shown in figure 21.3. Tank clean- 
ing requires large volumes of detergent, 
= which must be circulated rapidly. 


CIP circuits 


The question of the type of equipment that can be cleaned in the same 

circuit is determined according to the following factors: 

e The product residue deposits must be of the same type,so that the 
same detergents and disinfectants can be used. 

e The surfaces of the equipment to be cleaned must be of the same 
material or, at least of materials compatible with the same detergent and 
disinfectant. 

e All components in the circuit must be available for cleaning at the same 
time. 

Dairy installations are therefore divided for cleaning purposes into a number 

of circuits which can be cleaned at different times. 


Compatible materials and system design 

For effective CIP, the equipment must be designed to fit into a cleaning 
circuit and must also be easy to clean. All surfaces must be accessible to 
the detergent solution. There must be no dead ends which the detergent 
cannot reach or through which it cannot flow, see figure 21.4. Machines 
and pipes must be installed in such a way that they can be efficiently 
drained. Any pockets or traps from which residual water cannot drain will 
provide sites for rapid multiplication of bacteria and cause a serious risk of 
infecting the product. 

Materials in process equipment, such as stainless steel, plastics and 
elastomers, must be of such quality that they do not transmit any odour or 
taste to the product. They must also be capable of withstanding contact 
with detergents and disinfectants at the cleaning temperatures. 

In some cases the surfaces of pipes and equipment may be chemically 
attacked and contaminate the product. Copper, brass and tin are sensitive 
to strong acids and strong alkalis. Even small traces of copper in milk result 
in an oxidized flavour (oily, train-oil taste). Stainless steel is the universal 
material for product-wetted surfaces in modern dairies. Metallic contamina- 
tion is therefore normally no problem. Stainless steel can however be at- 
tacked by chlorine solutions. 

Electrolytic corrosion is common when components made of copper or 
brass are built into systems of stainless steel. In such conditions the risk of 
contamination is great. Electrolytic corrosion may also occur if a system 
with steels of different grades is cleaned with cation-active agents. 

Elastomers (e.g. rubber gaskets) can be attacked by chlorine and oxidis- 
ing agents, which cause them to blacken or crack and release rubber parti- 
cles into the milk. 

Various types of plastic in process equipment may present a contamina- 


Dairy Processing Handbook/chapter 21 


tion hazard. Some of the constituents of some types of plastics can be 
dissolved by the fat in milk. Detergent solutions can have the same effect. 
Plastic materials for use in dairies must therefore satisfy certain criteria re- 
garding composition and stability. 


CIP programs 


Dairy CIP programs differ according to whether the circuit to be cleaned 

contains heated surfaces or not. We distinguish between: 

e CIP programs for circuits with pasteurisers and other equipment with 
heated surfaces (UHT, etc.). 

e CIP programs for circuits with pipe systems, tanks and other process 
equipment with no heated surfaces; 

The main difference between the two types is that acid circulation must 

always be included in the first type to remove encrusted protein and salts 

from the surfaces of heat-treatment equipment. A CIP program for a pas- 

teuriser, "hot components", circuit can consist of the following stages: 

1 Rinsing with warm water for about 10 minutes. 

2 Circulation of an alkaline detergent solution (0.5 — 1.5%) for about 
30 minutes at 75°C. 

3 Rinsing out alkaline detergent with warm water for about 5 minutes. 

4 Circulation of (nitric) acid solution (0.5 — 1.0 %) for about 20 minutes at 
70°C. 

5 Post-rinsing with cold water. 

6 Gradual cooling with cold water for about 8 minutes. 

The pasteuriser is usually disinfected in the morning, before production 

starts. This is typically done by circulating hot water at 90 — 95°C for 10 - 

15 minutes after the returning temperature is at least 85°C. 

In some plants, after prerinsing with water, the CIP system is pro- 
grammed to start with the acid detergent to first remove precipitated salts 
and thus break up the dirt layer to facilitate dissolving of proteins by the 
subsequent alkaline detergent. If disinfection is going to be done with chlo- 
rinated chemicals, there is an imminent risk of fast corrosion problems if any 


residues of the acid detergent remain. Therefore, when starting with alkaline Steps for CIP cleaning of 

cleaning and ending with acid cleaning after an intermediate water rinse, the cold" components: 

plant should be flushed with a weak alkaline solution to neutralise the acid 1 Rinsing with water 

before disinfection with a chlorinated chemical can start. 2 Circulation of alkaline 
A CIP program for a circuit with pipes, tanks and other “cold compo- detergent 


Rinsing with water 
Disinfection with hot water 
Cooling with tap water 


nents" can comprise the following stages: 

1 Rinsing with warm water for 3 minutes. 

2 Circulation of a 0.5 - 1.5% alkaline detergent at 75°C for about 

10 minutes. 

Rinsing with warm water for about 3 minutes. 

Disinfection with hot water 90 — 95°C for 5 minutes. 

Gradual cooling with cold tap water for about 10 minutes (normally no 
cooling for tanks). 


oak Ww 
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Design of CIP systems 


In practice there is no limitation to satisfy stringent individual demands as to 
the size and complexity of CIP plants. 

The CIP station in a dairy consists of all necessary equipment for stor- 
age, monitoring and distribution of cleaning fluids to the various CIP circuits. 
The exact design of the station is determined by many factors, such as: 

e How many individual CIP circuits are to be served from the station. How 
many are “hot” and how many are “cold”? 

e Are the milk rinses to be collected? Are they to be processed 
(evaporated)? 

e What method of disinfection is to be used? Chemical, steam or 

hot water? 

e Will the detergent solutions be used only once or recovered for reuse? 
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Fig. 21.5 Principle of the centralised 
CIP system. 


Cleaning unit (within the broken line) 
1 Tank for alkaline detergent 
2 Tank for acid detergent 


Object to be cleaned: 
A Milk treatment 

B Tank garden 

C Silo tanks 

D Filling machines 
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e What is the estimated steam demand, momentary and total, for cleaning 
and sterilisation? 

Looking back over the history of CIP, we find two schools of thought: 

1 Centralised cleaning 

2 Decentralised cleaning. 

Until the end of the fifties, cleaning was decentralised. The cleaning equip- 

ment was located in the dairy, close to the process equipment. Detergents 

were mixed by hand to the required concentration — an unpleasant and 

hazardous procedure for the personnel involved. Detergent consumption 

was high, which made cleaning expensive. 

The centralised CIP system was developed during the sixties and seven- 
ties. A central CIP station was installed in the dairy. Rinsing water, heated 
detergent solutions and hot water were supplied from this unit by a network 
of pipes to all the CIP circuits in the dairy. The used solutions were then 
pumped back to the central station, and from there to the respective col- 
lecting tanks. Detergents recovered in this way could be topped up to the 
correct concentration and reused until they were too dirty and had to be 
discarded. 

Centralised CIP works well in many dairies, but in large dairies the com- 
munication lines between the central CIP station and the peripheral CIP 
circuits have grown excessively long. The CIP pipe systems contain large 
volumes of liquids, even when they are “drained”. The water remaining in 
the pipes after prerinsing dilutes the detergent solution, which means that 
large amounts of concentrated detergent must be added to maintain the 
correct concentration. The greater the distance, the greater the cleaning 
cost. A move back towards decentralised CIP stations therefore began in 
large dairies at the end of the seventies. Each department had its own CIP 
station. Examples of the two systems are shown below. 


Centralised CIP 


Centralised systems are used mainly in small dairy plants with relatively 
short communication lines, an example is shown in figure 21.5. 

Water and detergent solutions are pumped from the storage tanks in the 
central station to the various CIP circuits. 

The detergent solutions and hot water are kept hot in insulated tanks. 
The required temperatures are maintained by heat exchangers. The final 
rinse water is collected in the rinse-water tank and used as prerinsing water 
in the next cleaning program. The milk/water mixture from the first rinsing 
water is collected in the rinse-milk tank. 

The detergent solutions must be discharged when they have become 
dirty after repeated use. The storage tank must then be cleaned and refilled 
with fresh solutions. It is also important to empty and clean the water tanks, 
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especially the rinse-water tank, at regular intervals to avoid the risk of infect- 
ing an otherwise clean process line. 

An example of the design of a central CIP station is illustrated in figure 
21.6. 

A station of this type is usually highly automated. The tanks have elec- 
trodes for high and low level monitoring. Returning of the cleaning solutions 
is controlled by conductivity transmitters. The conductivity is proportional to 
the concentrations normally used at dairy cleaning. At the phase of flushing 
with water the concentration of detergent solution becomes lower and 
lower. At a preset value a change over valve routes the liquid into the drain 
instead of the relevant detergent tank. CIP programs are controlled from a 
computerised sequence controller. Large CIP stations can be equipped with 
multiple tanks to provide the necessary capacity. 


Decentralised CIP 


Decentralised CIP is an attractive alternative for large dairies where the 
distance between a centrally located CIP station and peripheral CIP circuits 
would be extremely long. The large CIP station is replaced by a number of 
smaller units located close to the various groups of process equipment in 
the dairy. 


amr) 
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Fig. 21.6 General design of a central 
CIP station. 


1 
2 
3 
4 
5 
6 
7 


8 
9 
1 


Cold water tank 


Hot water tank 


Rinse water tank 
Alkaline detergent tank 
Acid detergent tank 


Rinse milk tank 


Plate heat exchanger for heating 
CIP pressure pumps 
CIP pressure lines 
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O CIP return lines 


CIP pressure and return 
Cold water 

Hot water 

Rinse water 

Alkaline detergent 

Acid detergent 

Rinse milk 


Fig. 21.7 Satellite CIP 
system 


Storage tank for 
alkaline detergent 
Storage tank for acid 
detergent 

Ring lines for 
detergents 

Objects to be cleaned 
Satellite CIP unit 
Decentralised CIP 
system with its own 
detergent tanks 
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Fig. 21.8 CIP unit for a de- 
centralised system with two 
cleaning lines and equipped 
with two circulation tanks and 
two dosing pumps for con- 
centrated detergents con- 
nected to the detergent and 
rinse water recovery tanks. 


1 Pressure pumps 
2 Heat exchanger 
3 Dosing pumps 
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Figure 21.7 illustrates the principle of a decentralised CIP system, also 
called satellite CIP system. This still has a central station for storage of the 
alkaline and acid detergents, which are individually distributed to the individ- 
ual CIP units in main lines. Supply and heating of rinsing water (and acid 
detergent when required) are arranged locally at the satellite stations, one of 
which is shown in figure 22.8. 

These stations operate on the principle that the various stages of the 
cleaning program are carried out with a carefully measured minimum vol- 
ume of liquid — just enough to fill the circuit to be cleaned. A powerful circu- 
lation pump is used to force the detergent through the circuit at a high flow 
rate. 

The principle of circulating small batches of cleaning solutions has many 
advantages. Water and steam consumption, both momentary and total, can 
be greatly reduced. Milk residues from the first rinse are obtained in a more 
concentrated form and are therefore easier to handle and cheaper to evap- 
orate. Decentralised CIP reduces the load on sewage systems as com- 
pared to centralised CIP, which uses large volumes of liquid. 

The concept of single use detergents has been introduced in conjunction 
with decentralised CIP, as opposed to the standard practice of detergent 
recycling in centralised systems. The one-time concept is based on the 
assumption that the composition of the detergent solution can be optimised 
for a certain circuit. The solution is considered spent after having been used 
once. In some cases it may however be used for prerinsing in a subsequent 
program. 


Verifying the cleaning effect 


Verification of the effect of cleaning must be regarded as an essential part of 
cleaning operations. It can take two forms: visual and bacteriological in- 
spection. Because of the advance of automation, process lines today are 
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seldom accessible for visual inspection. This must be replaced by bacterio- 
logical monitoring, concentrated to a number of strategic points in the line. 
CIP results are usually checked by cultivating coliform bacteria. When a 
swab test of a surface is made, the criterion is less than one coli bacterium 
per 100 cm? of the checked surface. The result is unacceptable if the count 
is higher. These tests can be made on the surfaces of the equipment after 
completion of the CIP program. This applies to tanks and pipe systems, 
especially when excessively high bacteria counts have been detected in the 
products. Samples are often taken from the final rinse water or from the first 
product that passes through the line after cleaning. 

All products must be checked for bacteriological quality in their packag- 
es to obtain full quality control of the manufacturing process. The complete 
quality control program, in addition to the coliform test, also includes 
determination of the total count of micro-organisms and organoleptic con- 
trol (tasting). 
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Dairy effluents 


Water used in domestic and industrial applications become polluted to a 
greater or lesser extent. Water is also used as a transport medium to 
carry away waste products. As awareness of the importance of improved 
standards of water treatment grows, process requirements become in- 
creasingly exacting. The food industry contributes to a great extent to 
pollution, particularly as the pollutants are of organic origin. Organic 
pollutants normally consist of 1/3 dissolved, 1/3 colloidal and 1/3 sus- 
pended substances, while inorganic materials are usually present mainly 
in solution. 
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BOD is a measure of the content 
of biologically degradable sub- 
stances in sewage. 


COD indicates the quantity of 
the pollutants in waste water 
that can be oxidised by a 
chemical oxidant. 
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Organic pollutants 


The normal way to express the concentration of a pollutant is to specify the 
total quantity per unit volume of sewage. Another and more modern way of 
analysing the presence and quantities of organic substances in sewage 
effluent is the use of chromatography, such as High-Performance Liquid 
Chromatography (HPLC). 

However, the quantity of organic substances is normally determined in 
the form of; 
e biological oxygen demand (BOD) 
e chemical oxygen demand (COD) 
e calcining loss 
e total organic carbon (TOC) 


Biological oxygen demand (BOD) 

BOD is a measure of the content of biologically degradable substances in 
sewage. The substances are broken down by micro-organisms in the pres- 
ence of (and therefore with consumption of) oxygen. Oxygen demand is 
measured in terms of the quantity of oxygen consumed by micro-organisms 
over a period of five days (BOD,) or seven days (BOD.), in decomposing the 
organic pollutants in waste water at a temperature of 20°C. BOD is meas- 
ured in mg oxygen/| or g oxygen/m?. 

The following relationship is assumed for municipal sewage: 

BOD, = 1.15 x BOD, 


Chemical oxygen demand (COD) 

COD indicates the quantity of the pollutants in waste water that can be 
oxidised by a chemical oxidant. The normal reagents used for this purpose 
are strongly acid solutions (to ensure complete oxidation) of potassium 
dichromate or potassium permanganate at high temperature. Consumption 
of oxidant provides a measure of the content of organic substance and is 
converted to a corresponding quantity of oxygen, expressing the result as 
mg oxygen/I or g oxygen/m®. 

The COD/BOD ratio indicates how biologically degradable the effluent is. 
Low values, i.e. < 2, indicate relatively easily degradable substances, while 
high values indicate the contrary. However, this relationship cannot be used 
generally, but a typical value of COD/BOD for municipal sewage effluent is 
often < 2. 

In the FIL-IDF Bulletin about Dairy Effluents, Document 138, 1981, it was 
reported (by Doedens) that the COD/BOD, ratio for effluents generated in 
different groups of dairies producing liquid milk, butter or cheese ranged 
from 1.16 to 1.57, average 1.45, while in other groups of dairy plants pro- 
ducing milk powder, whey powder, lactose and casein the ratio varied from 
1.67 to 2.34, average 2.14. However, the general conclusion of the FIL-IDF 
Bulletin referred to above is that a COD:BOD ratio established in one dairy 
plant cannot be transferred with sufficient reliability to another plant. 


Calcining loss 

Calcining loss is obtained by first determining the dry solids content in a 
sample, and then calcining it so that the organic substance is burnt. The 
difference in weight before and after calcining represents the quantity of 
organic substance. The value is expressed in %. 


Total organic carbon (TOC) 

TOC is another measure of the quantity of organic materials, determined by 
measuring the quantity of carbon dioxide produced from combustion of a 
sample. The unit is mg/l. 
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Inorganic pollutants 


The inorganic components of sewage consist almost entirely of salts, and 
are determined largely by the ionic composition and salt concentration in 

the mains water. The presence of these salts in sewage is normally unim- 
portant. Present-day effluent treatment processes concentrate on the re- 

duction of nitrogen, phosphorus salts and heavy metals. 

Nitrogen and phosphorus compounds are important, as they are nutri- 
ents for organisms, e.g. algae, in recipients. As a result of the growth of 
algae, secondary processes can proceed in the recipient, forming further 
organic substances which, when they decompose, can result in considera- 
bly higher oxygen demand than is caused by primary organic pollutants in 
the sewage effluent. 


Dairy waste water 


Dairy waste water can be divided into three categories: 
1 Cooling water 

2 Sanitary waste water 

3 Industrial waste water 


Cooling water 

As cooling water is normally free from pollutants, it is discharged into the 
storm water piping system i.e. the system for run-off water from rain and 
melting snow, etc. 


Sanitary waste water 
The sanitary waste water is normally piped direct to the sewage treatment 
plant with or without first having being mixed with industrial waste water. 


Industrial waste water 

Industrial waste water emanates from spillage of milk and products thereof, 
and from cleaning of equipment that has been in contact with milk prod- 
ucts. The concentration and composition of the waste depends on the 
production programme, operating methods and the design of the proces- 
sing plant. 


Table 22.1 
BOD of some milk products 


Product BOD, BOD, 
mg/ | mg/ | 
Cream, 40% fat 400 000 450 000 
Whole milk, 4% fat 120 000 135 000 
Skimmilk, 0.05% fat 70 000 80 000 
Whey, 0.05% fat 40 000 45 000 


Whey conc., 60% DM 400000 450 000 


Sewage treatment plants are dimensioned to treat a certain quantity of 
organic substances and also to be able to deal with certain peak loads. 
However, one organic substance — fat — presents specially difficult prob- 
lems. Besides having a high BOD (cream with 40% fat has a BOD, of about 
400 000 mg oxygen/! while skimmilk has 70 000 mg/l), fat sticks to the 
walls of the mains system as well as causing sedimentation problems in the 
sedimentation tank as it rises to the surface. 

Dairy waste water should therefore pass a flotation plant where it is aer- 
ated with “dispersion water” (the method of supplying finely-dispersed air 
bubbles to the water at a pressure of 400 — 600 kPa is called dissolved-air 
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flotation). The air bubbles attach themselves to the fat, carrying it rapidly to 
the surface where it is strained off, manually or mechanically depending on 
the size of the plant. The flotation plant is often located close to the dairy 
building and the waste passes through it in a continuous flow. 

The defatted effluent can then be mixed with the sanitary waste water 
going to the sewage treatment plant. Table 22.1 list the BOD of some milk 
products. 


PH of dairy effluent 
The pH of dairy effluent varies between 2 and 12 as a result of the use of 
acid and alkaline detergents for plant cleaning. 

Both low and high pH values interfere with the activity of the micro- 


Waste water with a pH of over organisms that break down organic pollutants in the biological treatment 
10 or below 6.5 must not be stage of the sewage treatment plant, transforming them into biological 
discharged to the sewage sludge (cell detritus). 

system. As a rule, waste water with a pH of over 10 or below 6.5 must not be 


discharged to the sewage system, as it is liable to corrode the pipes. Used 
detergents are therefore normally collected in a mixing tank, often located 
close to the cleaning plant, and the pH is measured and regulated to, say, 
pH 7.0 before it is discharged to drain. 


Reducing the quantity of 
pollutants in waste water 


It is constantly necessary to control and prevent wastage of water and 
product in the processing plant. 

Hidden losses of water in subfloor and underground piping can be de- 
tected by reading the water meter and recording the quantity used at the 
end of the day. 

Daily records of water consumption should then be compared with the 
daily quantity of milk that has been processed. The water consumption, 
expressed as m? per tonne of treated milk, should be plotted on a graph 
kept in an easily accessible place. A typical water/milk ratio is 2.5/1, but 
with intense saving of water it is possible to come down to a ratio of 1/1. 

The following general recommendations can serve as a guide to reduc- 
ing wastage of water and product: 


General milk treatment 

e In reception of milk, particularly when tankers are emptied, it is important 
that the outlet from the tankers is at least 0.5 m above the receiving 
container or tank, and that the connecting hose is well streched, to 
ensure that the tankers are completely drained. 

e All pipelines must be identified and marked to avoid wrong connections 
that would result in unwanted mixing of products as well as leakage of 
milk. 

e When pipes are installed they should be laid with a slight and correctly 
calculated gradient to make them self-draining. In addition, the pipes 
must be well suppported to prevent vibration, which could cause the 
couplings to work loose and thus cause leakage. 

e All tanks should be equipped with level controls to prevent overflow. 
When the highest permitted level is reached, either the feeding pump is 
automatically stopped and the plant operator alarmed, or an automatic 
valve system is activated to route the product to another preselected 
tank. 

e lt is better to prevent wastage of product in the first place than to flush it 
away with a hose afterwards. Try to keep the floors dry; this also makes 
leaks easier to detect. 

e Make sure that the piping system and tanks are properly emptied before 
they are rinsed out with water. 
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e Check that couplings are airtight; if air leaks into the piping system it will 
cause increased burning-on in heaters, erosion problems in 
homogenisers and foaming in milk and cream tanks (which will then be 
harder to empty completely). 


Cheese production area 

e Make sure that open cheese vats are not filled to the top; stop filling 
when the milk level is at least 10 cm below the rim. 

e Collect whey carefully, and try to find commercial uses for it instead 
of discharging it as waste. 

e Curd on the floor should be swept up and treated as solid waste — 
not flushed into the gutter with water. 


Butter production area 


e Cream and butter stick more readily than milk to surfaces they 
come in contact with, and will aggravate contamination of waste 
water unless they are removed before cleaning starts. 

e After the end of a butter production run, all accessible surfaces 
should be manually scraped clean. 

e Cream and remaining butter can then be removed with steam 


and hot water and collected in a container for separate treatment. 


Milk powder production area 


The evaporators should be run at the lowest possible level to 
prevent overcooking. 


Fig. 22.1 System for measuring the 
flow in an open canal with a venturi 


e Re-use the condensate as cooling water after circulation through um water canal 
a cooling tower, or as feed water to the boiler. 2 Venturi flume 
e Spilled dry products should be swept up and treated as solid 3 Measuring pit 
waste. 4 Connection between the canal and 
measuring pit 
Milk packaging area ae 


6 Measuring and recording device 


e The filling machines can be provided with drains discharging 
into one or more containers. 

e Returned packages can be emptied into containers and the 
mixture of sweet and sour liquids used as animal feed. = LJ 


Outlet control | P Eat al ® 


Disposal of waste water is subject to regulation in many countries. 
Outlet control, for example, must be arranged so that the volume 3 
of waste water is continuously measured and recorded and an 
aliquot part, in proportion to the volume of the flow, is sampled. 

Figure 22.1 illustrates a system for measuring the flow in an 
open canal with a venturi flume. For information about the venturi 
flume and other measuring systems, please contact the munici- 
pal authorities dealing with sewage water treatment. As to 
sampling, one example of the procedure is shown in 
figure 22.2. 


o E 


Signals indicating the volume of water measured in 
the flume are transmitted via a control unit to the samp- 
ling device. An aliquot volume of the flow is sampled 
whenever a predetermined volume of water (say 100 |) 


has passed the flow transmitter The daily samples are mixed, and after an Fig. 22.2 Automatic sampling system. 


optional period a smaller volume of the mixed samples is analysed. 1 Measuring flume 
Measuring probe 
Flow transmitter 
Recorder 
Summation device 
Control unit 
Subunit 

Air 

Sampling device 
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Grid 


Sand trap 


Sedimentation 


Chemical treatment 


Aeration 


Fig. 22.3 The various stages of sewage 
treatment can be combined in several 
ways. 
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Sewage treatment, 
a general survey 


Various arrangements are possible; the choice of treatment is determined 
by the required degree of pollutant reduction. Figure 22.3 shows four possi- 
ble systems. 


1. Post-precipitation 
Conventional three-stage process with mechanical, A, biological, B, and chemical, 
C, treatment. Effective and reliable, but fairly expensive. 


+> ad ud bd 


A 
2. Pre-precipitation 
A two-stage process developed during the eighties. Chemical treatment, C, is com- 
bined with mechanical sedimentation, A, in the first stage, which results in high- 
grade phosphorus reduction as well as about 70% BOD reduction. This relieves the 
load on the biological stage, B, which thus requires much less basin volume and 
energy input than with conventional post-sedimentation. 


3. Direct precipitation 
A single-stage process, with combined mechanical, A, and chemical, C, treatment 
as in pre-precipitation, but with no succeeding biological treatment stage. 


A B/C 


4. Simultaneous precipitation 

A two-stage process with mechanical treatment, A, followed by a combined biologi- 
cal-chemical stage, B/C. A fairly cheap method of satisfying the demand for phos- 
phorous reduction without expensive additional basin capacity, but less efficient than 
if the biological and chemical treatments are performed separately. 


Sewage treatment in its original form consisted simply in removing the bulk 
of solid impurities by mechanical sedimentation (A). When this treatment 
was judged to be insufficient, it was supplemented with biological treatment 
(B) to decompose the organic compounds. 

Many sewage treatment plants were later extended with a third stage for 
chemical treatment (C) when emission of phosphorus became a serious 
problem. The process in plants of this type is called post-precipitation be- 
cause the chemical precipitation step comes last. 

Later experience has however proved that it is possible to obtain the 
same result if chemical precipitation is combined with mechanical treatment 
in the first step. This system is called pre-precipitation (see figure 22.3.2). 

This arrangement also represents a major rationalisation of the process, 
as most of the sewage treatment is done in one step. The phosphorus 
content is already reduced by 90% and the BOD by 75% in the pre-sedi- 
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mentation basins. As a result, the biological stage has a much lighter load 
to deal with and requires less basin volume and energy input. 
Figure 22.4 shows a typical sewage plant layout with pre-precipitation. 


Mechanical treatment 


The primary (mechanical) stage of sewage treatment comprises strainer 
grid, sand trap and primary sedimentation basins. 

The grid traps coarse solid matter: plastic, rags, food residues, etc. This 
matter is continuously scraped off the grid and disposed of separately, 
usually as landfill. 

The sand trap is a basin in which coarse separation takes place. It is 
dimensioned and operated in such a way that sand and other heavy partic- 
les have time to settle to the bottom, while fat and other impurities that are 
lighter than water float to the surface. The sediment is pumped away, and 
the floating scum is removed by scrapers. These waste products are like- 
wise disposed of separately. 

Air is blown into the sand trap, partly to keep finer parfticles in suspen- 
sion and partly to prevent putrefaction processes that cause bad smells. 


Chemical treatment 


The principal purpose of chemical sewage treatment, also Known as preci- 
pitation, is to rid the water of phosphorus. Municipal sewage systems nor- 
mally collect 2.5 — 4 grams of phosphorus per person per day, mainly in the 
form of phosphates. Detergents account for about 30% of the phosphate 
content; the remaining 70% comes mainly from human excreta and food 
residues. 

Chemical precipitation with iron and aluminium based flocculants can 
remove almost 100% of the phosphorus present in waste water, while con- 


ventional biological trreatment only reduces the phosphorus content by 20 - 


30%. 

The precipitation stage starts with flocculation tanks, where the floccu- 
lants are added and vigorously mixed into the water by agitators. This re- 
sults in precipitation of insoluble phosphates, initially in the form of very fine 
particles which, however, gradually aggregate into larger flocs. The flocs 
settle out in pre-sedimentation basins, from which a clear effluent overflows 
into the basin for biological treatment. 

Pre-sedimentation is the final step in the combined mechanical and 
chemical treatment. The water is allowed to flow slowly through one or 
more basins where the finer particles gradually settle to the bottom as pri- 
mary sludge. 

The sedimentation basins are equipped with devices that continuously 
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Fig. 22.4 The various stages of a sew- 
age treatment plant. 


Inlet channel 

Grid 

Sand trap 

Aeration 

Silo for flocculant 
Pre-precipitation 
Pre-sedimentation 
Biological treatment 
Aeration 

10 Post-sedimentation 
11 Clarified effluent to recipient 
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Primary sedimentation basins 
100 m° of sludge from primary sedimentation basins. 


DS 2% 
Water content 98% 


Sludge thickener 


66 m of water removed in the sludge thickener. 
34 m° of sludge with 6% DS continues to centrifuge 


plant. 


Decanter 


26 m° of water removed in decanter centrifuge. 
8 m° of dewatered sludge with 25% DS is dis- 
charged. Reduction in volume in centrifuge stage 


is 76%. 
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scrape the sediment into a sump, and transverse gutters that carry off wa- 
ter from the clarified surface layer. 


Biological treatment 


The remaining organic impurities in the "overflow" from the chemical treat- 
ment are broken down with the help of micro-organisms, e.g. bacteria, 
which feed on the organic substances present in the water. 

The micro-organisms must have access to oxygen to perform their func- 
tion. This is supplied in the form of air blown into the aeration basin. 

The micro-organisms reproduce continuously, forming an active sludge. 
This sludge is removed from the water by settling in post-sedimentation 
basins. Most of it is recirculated to the aeration basins to keep the biological 
breakdown process going; the excess sludge is removed from the process 
for further treatment and the clarified effluent is discharged to the recipient. 

An alternative to the aeration basin is the biological filter, which is a con- 
tainer filled with pieces of stone or plastic. The water is sprinkled over the 
filter by a rotating distributor, trickles down through the filter bed, and is 
oxygenated by air circulation. A “skin” of micro-organisms builds up on the 
surfaces of the stones, etc., breaking down the organic impurities in the 
water. 


Sludge treatment 


The sludge from the various stages of treatment is collected in thickening 
tanks to which chemicals are added to facilitate further aggregation of the 
solid particles. 


Fig. 22.5 Reduction in volume of wet sludge from the primary settling stage after 
treatment in a sludge thickener and decanter centrifuge. The amount of dewatered 
sludge discharged from the decanter centrifuge is only 8% of the volume of the wet 
sludge from the sedimentation basins. 
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To further break down organic matter and to reduce evil-smelling sub- 
stances, the sludge is eventually pumped into a digester where the organic 
subtances are broken down under anaerobic conditions into carbon dioxide 
and methane and very small amounts of hydrogen gas, ammonia and hy- 
drogen sulphide. 

Carbon dioxide and methane are the main components of digester gas, 
which can be utilised as fuel for heating. 

Digester sludge is a homogeneous, practically odourless, dark-coloured 
substance which still has a high moisture content, 94 - 97%. It is therefore 
dewatered, most effectively in a decanter centrifuge, which discharges a 
solid phase of about one-eighth of the original volume, as shown in figure 
22.5. 

The dewatered sludge can then be utilised as fertiliser or landfill, or sim- 
ply deposited as waste. 
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Direct UHT plant based on steam injection and 
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